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Installation Guidelines for Solar Domestic Hot Water Systems is
the first in a series of instructional réports to be published by the
U.S. Department of Housing and Urban ‘Deve!opment (HUD). Itis
the direct outgrowth of.the Residential Solar Qemonstration Pro-
* gram and a series of installation workshops funded by HUD and the
Department of Energv. ¢ :

»

Over the past few years, tﬁﬁﬁ,s/ands of publicly and privately funded .

solar energy systems have been installed across the country. From
this experience, same installation techniques have emergéd as
‘ being supernior to others. At the same time, many systems have
failed to perform properly due to poor installation practices. The
intent of $his report is to present some of the better installation
techniques. '

The report is wntten for the profesmstallation contractor and
the skilled homeowner. The instaliation of a solar energy system
- involves a combination of many traditional copstruction skifis in-
cluding plumbingr wiring, roofing, carpentry, and masonry. as weli
as knowledge of paints, glazing, and insulation materials. We as-
sume you already possess thes® basic skills (see Appendix B).

Even with these skilis, ({roféssionals in the demonstration program o

have made simple mistakes. which-we intend to help you avoid.

Using these-gpidelines together with the manufacturer's manua,
you should belable t& install and fill your solar domestic hot water
sysiem. Thése guidelines also contain pointers for maintenance
and a checklist to be consulted when doing the actual- instalation.

5

o # i P £ B e T T T

e o i T VTR R e e Tt g

A




k]

TF

. c.‘?

- .
. N
.
. ’ 8 -
N

v ]
_ Al of the proceciures outlined in the report comply with HUD's
Intermediate® Mlmmum Property Standards Suppiement. Solar

. Heating arid Domestic Hot Water r Systems, Volume & 39505
(MPS). 'ﬂ!e guidelines are compatibie with most national building

make sure you comply with the code, pernit, zoning. and license
regulations in your area (see Appendix D).

L. ) Finaily: keep in mind that this manual deals with solar domestic

water heating systems in general. It is essential to consult the

* instruction. manual frem the manufacturer, to comectly install a
partlgular System

NOTE: Throughout‘this book, the' reader will see a series of
indicators calling attention to crucial steps in the installation of a
solar domestic hot water system. They are:

'NOTE:
" CAUTION, and

-

WARNING!

A NOTE: will point aut‘a procedure or action that. if omitted, might
lead to a reduction'in the overall efficiency or attfactiveness of the
system. A GAUTION! will point put a procedure or actipn that, if
omitted, might lead to damagru(s:I';r or other heating, ve;\tilaﬁng.
and air conditioning (HVAC) equipment or othar property. WARN-
X ING! will pomt outa procedure or action that, if omitted, mtgh* lead
to conditions threatening the personal safety. of homeowners,
pedestrians. or solar service personnel. -

o)

—

- codas. However, you must check with local building authorities to L
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STAII'N.IP
Al malo'i components of the solar domestic hot water (DHW)
system you will be installing wilt have been specified by the system
designer or kit manufacturer as a rule. Before beginning the in-
stallation, you should obtain the following information:

Tho_Sgpplior, .
Has the suppfier of tha major system componants been salactad?
Is there a dealership or distributorship near the job site? Can you
get help frofn the supplier if needed? Are replacement parts easily
available? Canyou count on the supplier's delivery schedule? You
can obtadin some of this information from the suppliar:s other cus-
tomers.

Legal Preparations

Has a building permit been taken out; if required? Have you com- .
. plied with zoning requiraments? Whict. building codes wi!i require
inspaction of this installation? Will a ficensed plumber be required -

to connect the plumbing system? Will a licensed electrician be

required to make the electrical connections?

L

Is the system' going to be federally funded or insured (FHA, VA,
FmHA? Jf s0, it must meet the requirements of the U.S. Depart-
ment of Housing and Urban Development's Intermegiate Minimum
Property Standirds for Solar Heating and Domestic Hot Water
Systems, Volume 5 (IMPS) (Figure ‘i}‘l). This document is useful to
any professional solar.instalfer. It is ‘available as a subscription for
$12.00 from the Superintendent of Documenis, U.S. Government

1
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START-UP, SYSTEM LAYOUT, AND SITING

Printing Office, Washington, DC 20402. Pleéase be sure that the
... 3tock number, Number 4930.2, s inbludgd on. yoyr order,

Read tha.nanufacturar s warranty stateménts on the maloe' compo-
nents and note your responsibilities. Some mamfacturers warran -
ties are -only* good if the Systems are installed according to their
“instructions, Some‘insgallers offer warranties for systems they in-
stall. If you plan to follow this practice, you must undevetind the
legal implications of your warranty.

Inventory Components

Check sach comiponent against your receipts to make sure all parts
ordered have arrived and are in good condition. Plan the job with
the mamfac'turer 8 manuals in- hand to do the work most effec
tively.

»,

SYSTEM LAYOUT

The layout of the system you are installinq probably has been
specified by the designer. A few layout options are presented here
for your information and to help you visualize the sequence of
assembly.

- Draindown System -
Potable water is circulated from the storage tank through the col-
fector loop. Freeze /protectlmds Qrovldedby solenoid valves open-
ing and dumping water at a preset low temperature (Figure 1.2).
Collectors and piping must be pitched so that the system will
automatically drain down, even in a power failure. This type of

- .

system 1;/ exposed to city water Iine pressures and must be as. .

sem’sled carefully to withstand pressures as high as 100.psi. Pres-
sure reducing valves are recommended when city water pl\esstlre is
greater than the working pressure of the system.

Drainback System -

The solar heat transfer fluid automatically drams into a nk by
gravity (Figure 1.3). Drainback systems are available in obs- or
two-tank configurations. A heat exchanger i8 necessary, because
the city water inlet pressure would prevent dralning. The|heat
transfer fluid in.the collector loop may be distilled or city water if
the toap plumbing is copper. If the plumbing is threaded galvanized
pipe. inhibitor may be added to prevent corrosion. Most inhibitors
are non-potable and require a double wall heat pxchanger. The

¢ pump used must be sized to overcome static head (see chapter on

Pumps, etc.).’

- 8
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START-UP, SYSTEM LAYOUT, AND SITING

L

One-Tank Closed-Loop System
A conventional DHW tank, usually electrically heated. is converted e
to a solar DHW storage tank by installing an external heat ex-
changer coil. The jower electrical heating element is removed,
leaving the uppermost of the usual two elements {0 provide auxil-
iary water heating and to achisve good stratification (layering of
hotter water over pmgresswely colder water). Solar tanks equipped % 7 ‘
. with internal heat exdhangers are now readily available (Figure §.4).
Usua!ly the heat transfer fluid is a water/glycol mixture or some *
other fraaze-reslstané fluid, such as silicone or a hydrocarbon (see

 chapter on Transfer Fluids), .t
Two-Tank Closed-Loop System : '
One-tank systems may be sufficient for small families with small
« hot water needs. but most retrofit projects will call for installiig a

second tank connected in series with and preceding. the conven-
tional DHW tank already in place (Figure 1.5). Two tanks often
return cooler water to the collectors for heating. allowing.them to
operate more efficiently. However. standby losses are greater.
Thermosiphon Sygtom .
Thermosiphon gsystems are the oldest type of solar DHW system.

These systems do not depend on electric power to pump the heat

transfer fluid (potable water) through the collector array. The stor- &

age tank is positioned at least 1&Wr ond of the
collector array. and the heated water in the coll

‘ up to the
top of the storage tank by natural convection. Hot water is
. off the top of the tank, Cold city water is fed into the bottom of the

‘tank and then descends to the bottom of the collector array to.be - "~
) hea‘ged (Figure 1.6) Thermosiphon systems are often impractical in
freszing climates. However, thermosiphon systems are simple and _ T
relatively inexpensive and would be ideal in warmer climates-or for
dummer time use. :
Air System
Solar domastic hot water systems employing air-type collectors are
available.. Hot air generated by these cdtlectors n forced .
through an air-to-liquid heat exchanger with the potable water
being pumped through the liquil section of the exchanger. The
heated water is then circulated througly the storage tank in a similar
- fashion to the liquid collactor system. (Figure 1.7) Air does not
need to be prétected from freezing or boiling, is non-corrosive, and
is free. However, air ducts and air handling units require greater
“space than piping. and air jeaks are difficult to detect. _ o

"
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" START-UP, SYSTEM LAYOUT, AND SITING

Other Syspems
A number of Systom ‘types are found only in limited areas or if
custom-designed or do-it-yuurself projects.

Manuai draindown systems use potable water for the heat uansfer

. fluid without any antifreeza additives. The owner has to operats the

R draindown vaive manually. Tnese systems can be operated only in.
regions or during seayons when there is little chance of a freeze.

Reverse-trickie, o pulse-circulation, systems pump s, quantity of

hot water from the storage tank into the collector array Uowering
system efficiency) when there ix danger of a freeze. This type of
system is very papular in Florida and southem California.

There are also draindown systems which use air pressure in the
storage tenk orin a separate préssure ‘ank to force watér out of the
coliectors when a freeze threatens.

SYSTEM SITING .
) Place the collectdr array where it will receive the maximum amgunt
of sunlight avallabie in your location. A roof mount is the most
common because it reduces the « hances of shading and keeps the
collectors out of the way. If a good roof area is not available,
collectors may be grournd-mounted (see chapter on Mcunting Pro-

cedures). Keep outdcor pipe runs to a minimum to avoid energy

losses. '

.“ -\
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- START-UP, SYSTEM LAYOUT, AND SITING

Collector Orientation e

it is desirable to mount the collectors to catch as much of the sun's
. daily rays es possible: Ideally, collectors should be simed as nearly
as possible TRUE south, not magnetic south. However, variations
of up to 15° east or west of south will havs little effect on perform-
ance, if the system is running property (Figure 1.8. it is not worth
the a expense to build a special mounting frams to point
collectors true south if the roof is pointed within the =15° limits.
Beyond 15°, additional calculations must be performed to deter-
mine if the expense is justified. Deviations up to 30° east or weast of
south will usually decreass performance by only 10%. After that,

- petformance drops dramatically.

Because ths sarth’'s magnetic field is not aligned parellel with the
utth'cnmﬂu-ooutiu_m.ﬂmur'otomqpamofmeum%m
where the needle of a magnetic compass can point as much as 20
degroes sast or west of true north. However, there are several ways
to determine.true south in your srea. You can consult a local
. sumveyor, s plot map in your local tax office, or a recent isogonic
chart of the United States published by ths U.S. Coast and Geo-
detic Survey, U.S. Department of Commerce (Figure 1.9) and ad-
just your magnetic compass reading according to the meridian
. nearest to you. Don't use old charts, as there are annual variations
In the readings. When using s magnetic compass, beware of stand-

e "
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FIGURE 1.9: ISOGONIC CHART OF
THE US.
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AGURE 1.10: STAKE AND SHADOW
. METHOD

N\

F
h
-
A, A

\

‘ -
ing near large metallic objects or power lines because theijill
affect the compass readings. * .

Also, you can easily determine true snuth yourseif right at the
installation site. Place a stake in the ground and mark the location
of the shadow of the top of the stake. Connect the end point of a

* moming shadow with the cnd point of air aftermoon shadow by a

straight iine. A line drawn 907 to that line is a true north-south line
(Figure 1.10). )

There is an even faster way to determine: your local nérth-south

* line. The shadow of a stake cast by the sun at sclar noon will be on

the true north-south line. Solar noon is axactly halfway between
sunrise and.sunset on any given day. Most locat TV weather shows
and newspapers give the exact times of sunrise and sunsst each

) day. )

Athough performance will not be substantially affected, take local

weather conditions into conisideration when deciding on collector -

orientation. Although angling the collectors toward the sast will

Start the system earlier in the moming. crientation slightly to the

west can increase system performance because ambient tempera-
tures are usually higher in the afternoon. As a resuit, collectors will
loge less heat and operats more efficiently. if early moming fogs
are common in your area, angle the collectors slightly toward the
west,

P
Collector Tilt

Collector tilt—the angle the surface of the collector makes with the
horizon—-is also an important factor in system performance. Ideal-

ial Coliector Tilt Angle O° (blCollectas Tilt Angle 45° fcl Collector Tt Angle 75°

AGURE 1.11: RADIATION ON HOR:ZOMTAL, = Radiation Intercepled by a Horizontal lector
NORMAL AND NEARLY VERTICAL - by Cot

SURFACES

== Additionsl Radiation intercepted by Titing Collector

24
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START-UP, SYSTEM LAYOUT. AND STTING

L

ly. collectors should be as nearly perpendicular to the sun's hottest
rays as possible (Figure 1.11). For a solar DHW system. a tilt equal
to the local nosth latitude uslally is considered the optimum angle.
Variations 10° either way will not seriously affect the total annual
performance of the system. all other things being equal. but a
greater tilt will favor winter system operations when the sun is low
in the sky (Figure 1.12), Also, in heavy snow areas a tilt ok S0™will
allow snow to slide off the collectors more readily (ses chapter on
Safety). The following chart wili help you determine the angle of the
existing roof: ’

TABLE 1.1 ANGLE/ROOF PITCH CONVERSION TABLE

ANGLE (DEGREES) ,ROQF PITCH
s - 112
10 212
14 312
b 18 . 412
23 512
27 612
. 30 72
’ 34 812
- 37 o912
40 1012
43 1112
» 45 ° 1212
47 1312
49 14112
51 1512
53 1612
Collector Shading

No more than 5% of the-collector area should be shaded between
9:00 A.M. and 3:00 P.M. Standard Time when greatest solar poten-
tial occurs. One of the major sources of shading is trees. 30 the
home pwner should be aware of the effect of future growth. Chim-
neys, dormers, other huildings. new construction. and even fences
may shade the collector array. especially in the winter when sun
angles are low and shadows are long. By knowing the altitude
(angle of sun above horizon) and the azimuth (angle bstwesn true
south and point on horizon below sun) of the sun throughout the
year. you can accurately determine if the homeowner is going to
have shading problems (see Appendices A and C).

! 25
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'I'lnoSola-Wlndow “
lmgimﬂuakynahmpanmdomowithmmretﬂv-sohr
collector array of a house. The path of the sun during the year can

be otched (projected) on the dome, aacanthooutlinoofwrmund- .

ing houses end trees (Figure 1.13). The sun's path during thé'
optimum hours between 9:00 A.M. and 3:00 P.M. Standard Time
throughout the year scribes a "solsr window' oc: the dome. Almost
all of the useful gunlight that reaches the collector aray must come
wmm,wwmmmmwmm difuse
radiation. If any surrounding houses, trees, hills, etc. block part ¢f
this window, that intrusion wil cast a shadow on the collector. The

- elevation of the solar window in the local sky will decrease with

Mercator Projection :

The sky dome with its “solar window™ can be mapped using a
Mercator projection in which the lctitude and longitude lines are
straight (Figure $.34). Such a map is very useful for comparing the

g
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FIGURE 1.15: POPULAR S8CIENCE SUH LOCATOR

LN

17




START-UP, SYSTEM LAYOUT, AND SITING

FGUAE 1.18: POINTI

|

site surroundings with the “‘solar window', becaus2 both can be
easily plotted on the map. Any elements surrounding the site that_
intrude into the “solar window' will cast shadows on the collector.

The Popular Science Sun Locator

A simpler method was created for Popular Science Magazine®.
Make a copy of the sun locator (Figire 1.15) and glue it to a
cardboard backing. Trim along the line of the latitude nearest you.
Place locator in a level position in the area where collectors are to,
be mounted. Align the compass along the correct magnetic decli*
nation line or per a recent isogonic chart (Figure 1.7) to obtain a
true north-south line (see-Collector Orientation). Sight from the
comer over the top of the Jatitude line from 9:00 A.M. to 3:00 P.M.
This is a path the sun will take in midwinter. If more than 5 percent
of the path is biocked. the site may need closer evaluation.

Even tree branches without leaves can block a considerable
amount of winter sunlight if the branches are thick. Consider trim-
ming. if necessary. \ -~

The Energy Task Force Rough Approximation Method

. The Energy Task Force of New York suggests a way of rcugh

determining the solar window. Stand whare the collectors are to be
placed and face true south. Point so that your finger and your eye
are horizontal (Figure 1.16). Place one fist on top of another the
exact number of times tc be determined by consulting the table
(Table 1.2). ‘

The tirst fist

€ == =m—a - - -

Pointing straight N

ahead

NG LEVEL WITH EYE

*See Sotar Energy Handbook 1978. Popular Science. Times Mirror Mag-
azines, IncC., 380 Madison Ave., New York, NY 10017 ... $1.95.
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‘s;cgar-up. SYSTEM LAYOUT, AND SITING

TABLE 1.2. THE ENERGY 'i'ASK FORCE SOLAR WINDOW APPROXIMATION METHOD*
LATITUDE 12 O'CLOCK POSITION 11 O'CLOCK POSITION 1 O'CLOCK POSITION

= 0° BEARING = 30° BEARING ANGLE = 30° BEARING ANGLE
o (EAST (WEST

28°N 4% FISTS (47°°ALT) 3 .FISTS (30° ALT) SAME AS 11 O'CLOCK
32°N 3% FISTS (34° ALT) 2% FISTS (26° ALT) SAME AS 11 O'CLOCK
36°N "3 FISTS (30° ALT) 2% FISTS (23° ALT) SAME AS 11 O'CLOCK
40°N 2% FISTS (27°ALT) 2 FISTS (20° ALT) AS 11 O'CLOCK
44°N 2% FISTS (23° ALT) 1% FISTS (17° ALT) E AS 11 O'CLOCK
48°N 2  FISTS (20° ALT) 1% FISTS U4 ALT) . SAMEAS 11 O'CLOCK
Sight over top of fists at true south and 30° east and west (with .

.adjustments in fist height to determine shading effects. object
above your fists will cast a shadow on the collectors: and aitything

beplow your fists will b[of no concern. &/

Several “solar locators” are also commercially available (see -
Appendix C). . e

Other Factors to Consider :
Collectors should be placed near (or slightly below) the mid-line of
pitched roofs for best appearance. Location close to the ridge
exposes the collector array to increased wind loading and heat
losses. Collectors near the eaves can cause ice dams, which back-
up over the array. Water behind ice dams can be drawn undér the
shingles by capillary action.

Check to see if glare from the collector array will annoy neighbors
or cause traffic hazards (particularly with ground mounted collec-
tors). A matte finish glazing material will help alleviate this problem.
Collector boxes should be dark anodized if it develops that bare
aluminum boxes create a reflection problem. '

if the back of the collectors is visible, an enclosure may be desira-
ble ‘o improve appearance, reduce heat losses, and protect the
collector array from wind loading. )

”

b
L)

1

*Seo No Heat. No Rent: An Urban and Energy Conservation Manusal.
Energy Task Force. 519 East 11th Street. New York. NY $0009.
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HOOF- This chapter takes you step-by-step through proper procedures for
roof-mounting collectors. for making the necessary penetrations of
AND the roof surface, and for ground-mounting collectors.

GROUND- Holsting Roof-Mounted Collectors
MOUNT- A typical collector weighs ;etween 75 and 200 pounds. The tareful

installer should plan well ik advance how to hoist the collegtors to

lNG PRO" the roof.
CEQUHES There are a number of load lifting devices that y;u could choose to . ~

handle this job. such as a bucket truck, cherry picker. crane, fork
iift. or Hyster®. A simpler device is a roof hoist which may be
temporarily mounted‘on the roof (see Appendix C).

e

Manually lifting th: coliectorsis possible, but it will require at least
two men. One method is to use two paraliet ladders with two men
walking one collector up at a time. If the collector is outfitted with

flanges, temporary handles may be attached (Figure 2.1{). p

The so-calied "Push and Pull’” method uses one ladder as a steep
inclined plane. A rope is attached to one end of a collector. A man
on the roof hoists the collector while another lifts and guides it up
the ladder to prevent it from swinging Out of control (FigGie-2.2).

Precautions for Working on Roofs .

Plan mounting procedures carefully to minimize the number of trips

over the roof. Walk carsfully on gravel roofs. They are more fragile

than they appear. and the source of a leak in a gravel roof is not

easy to locate. Lay down planks or plywood in heavy traffic areas.
N ' .

« . . 30
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FIGURE 2.1: PARALLEL LADDER
i “METHOD . -~ ;
‘ -
. -
FIGURE 2.2: PUSHPULL METHOD
Q
B l C
) 3 l . .
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“ Shake and clay tile roofs are very brittle. Be very careful walking
and don't drop tools. :

Specially designed roofer’s shoes are recommended on asphalt
shingle roofs. Shoes with heavy lug soles should be avoided be-

\ cause they can damage shingles. especially in warm weather.

Wind Loads
( According to HUD’s IMPS, the mounting structure sl'loult.l’be built
¥ to withstand winds of at ieast 100 mph (which impose a wind load
of 40 pounds per scuare foot on a vertical surface or an average of
25-pounds per square foot on a tilted roof). Flat-plate collectors
mounted flush with the roof surface should be constructed to
withstand the same wind loads.

When mounted on racks, the collector array becomes more vulner-
able to wind gusts as the angle of the mount increases. Collectors
can be uplifted by wind striking the undersides. This wind load.
which is in addition to the equivalent roof-area wind loads. should
, * be determined according to accepted engineering procedures.
- Cross-brace all mounting racks (Figure 2.3),




[

Snow Loads : ]

Collectors mounted flush on a roof should be designed to support
the snow loads that occur on the roof.area they cover. The collector
array may be tilted 5° to 10° greater than the latitude to expedite
snow sliding, with only a minimum loss in efficiency. Precautions
must be taken so that snow slides are not g.hazard to pédgstrians.

.The N;Ofstn.lcture should be free of objects that could impede snow
sliding and the collectors should be raised high enough to prevent
" snow build-up over them. Collectors mounted on elevated racks or
in sawtooth patterns may creats snow drifting on the roof in addi-
‘tion to normal snow loads. This additional build-up rhust be consid-
ered in the design loads (Figure 2.4).

%

-Check Roof Conditions

See that the roof surface is in good repair before mounting collec-
tors. if there is a need for reshingling or other repair work, think
seriously about doing the work before mounting the coliectors.
Keep future roof repair and maintenance in mind when planning
collector mounts. Easily removable coliectors will make such work
easier. Do not mount collectors on warped or cracked wood
shingle roofs.
Positioning Collectors
Be sure the collector array is parallel with the ridge of the roof.
Msasure distance from the top of the collector atray to the ridge
line at each end and check with a bubble level. A chalk line makes a
useful guide. Slope the array toward the inle: ‘o facilitate drainage
at the minimum rate of %.inch per foot. All..- at lsast Y% -inch
spacing between collectors for expansion and contraction which
could loosen the mounting (Figure 2.5).

f

[} -
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FGURE 2.5: W
!

ya

Collectors with weep holes should be mounted with weep holes at
the bottom. They aliow moisture to escape because condensation
can damage some absorber surfaces. Holes should be loosely
. blocked with glass fiber that will prevent entry of dirt or insects but
will allow a flow of air. ,

Installing re

On retrofit insfallations, collectors shouid be raised at least 1%
inches above the roof to avoid damage ta shingles. Without that
space, moisture buildup could cause growth of fungus, mold, and
mildew. lce dams could also form and draw water under shingles by
cap:lliq action These factors contribute ta roof surface deteriora-
tion,

Spacer blocks of rot-resistant wood (such as redwood or cedar)
should be used between collector and roof surface. Other types of
wood can be used if pressure-treated with a preservative such a
creosote or pentachlorophenol. Note that some preservatives may
dissolve asphalt roofing materials and should not be in direct

-contact with them. Blocks of Plexiglass® or other UV-resistant

.plastic also can be used. A silicone sealant or fibrous roofing
cement should be applied liberally between spacer and roof sur-
face, or use a neoprene pad (Figure 2.8).

Insuad of a block spacer, a mounting angle or clip can bg used. It
should be made of a metal mpahblo with the metal of the collec-
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Mounting angle
. fRoot cement
) ivanized washer ' M
¢ Neopiene washer
Silicone bt Mounting block <&
' u
. Sheathing

“ / '\ . -
! - ' © "Spanner
Wood spacer block [s] sized to fit )@ Washer . :
snugly betwebn FIGURE 2.8: SPACER BLOCK WITH

and roof sheathi 2 nuts SPANNER MOUNT

tor box. Fagten it di to the cdilec.tor box or flange and boltit to
the roof with'a com le metal fastener.

Spanner Mounting .

A spanner mounting is recommended if the attic is accessible.
because the uplift force of wind on the collector array will be evanly
distributed to the roof framing members. Screw or nail 2* x 4"
spanners directly to the rafters inside the attic, perpendicular to the
rafters (Figure 2.7). At least two, and preferably three, spanners
snould be used. Pre-driil holes through the roof and mount spacers
large enocugh to accept the thru-bolts. Be careful not to aplit the
spacers. It may be easier to drill holes and insert thru-bolts before
securing spanners to assure proper alignment™of holes.

Roof ridge

Rattar

Spal'lnor ®
\\'ashlr (
2 nuts
' 3 FIGURE 2.7: SPANNER MOUNTING
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J

Thru-bolts or threaded rods should be at least % -inch in diameter.
Two nuts and large-diameter (fender) washers are recommended

. - off both ends of the threaded rod. Silicone sealant should be
applied generuusly to hotes and between washers and mounting
blocks. Use neoprene washers in conjunction with métal washers
to minimize risks of 1eakage.

CAUTION!  Be lgure that the holes contain enough sealant to prevent leakage.
Sealaot should 0oze liberally from around boit heads when they are

tightened down (Figure 2.8). .

After bolt heads are tightened, apply more sealant over the heads
and mounting block or clip assembly. if roof cement is used rather
than silicons, the fibrous type is recommended because the weath-

erproof seal rémains intact over repeated expansions and contrac-
tions. t

Spanner Mounting in & Concoaled Attic v
Because an installatiun should last many years if properly installed,
it may be worthwhile to cut sheeirock to expose rafters and then
repair it. Nail wood blocks to inside of thirafters at jeast 3 inches \~
short of the ceiling edge. Fasten the cpanners on these dlocks and
bolt. Use threaded thru-bolts as dascribed above, seai. and bolt.
Replace gypsum board to cover instaliation (Figure 2.9),

—Mounting angle
& ] ﬂl.ll
Galvanized washer
Neoprens washer
.. Shingies, Silicone sealant
11 I ki
Y 3 ) VY Yy PR B EEEN
Sheathing —
- . /
\ \
Nailer ~1 Rafter
{2"x3" or 1 .
2"x 4") L,
/L i & .
[ 7 EA‘ - ~—
2"x 4" spanner w:’f'ﬂ Finished celling
FIGURE 2.9: SPANNER MOUNTING © “golt or threaded rod
IN CONCEALED SPACE eaded

¥
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-

' Lag Bok Mounting
When the attic is completely inaccessible. collectors or the mount-
ing racks can be lag bolted directly to the roof trom outside.

Lags must be fastened to rafters or trusses rather than to sheathing CAUTION!
50 wind cannot pull them free. f .

Rafters or trusses can be located by tapping the roof with a ham-
mer. The more solid sound indicates a framing mainber. Rafters or
trusses generally will be on 16" or 24" centers (Figure 2.10).

%

Col;octor . ] {

nting angle
A Roofing cement
Lag boit SN *
Galvanized & neoprene washers

WMounting block

Shingles

T AT
Shadiring

ificone sealant

Air space

2" min

Rafter . %

¢ Ay
% ' AGURE 2.10: LAG @OLT MOUNTING

Q

Dril holes through the roof several sizes smaller than th; boit to

assure a tight fit. The fag boit should penetrate the rafters at least

two inches. Insert the lag bolt through a metal washer and then

through a neoprene washer before going through the collector

flange and mounting block. Be sure to apply a liberal quantity of v
sealarit to the holes and between mounting'blocks. washers. and

the roof surface before tightening down lag bolts. After mounting, -

apply more sealant over the entire assembly. ‘ D{\

»
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Rack Mounting

Collectors can be mounted on racks or stand-offs to achieve the
optimum tilt angle. ¥ the holes or clips on the collectors do not line
up with rafters or trugses, you may mount the collectors on a rack,
then fasten the rack to the framing members properly.

The rail should be at least 12 gauge and sbout 1%" by 1%” in
dimension: slotted angle rail, normally used to fabricate warshouse
shelving, is readily available snd can be cut to any length and
bolted together. The collectors should be bolted to the rail
framework. Take care to prevent galvanic corrosion. The framework
is ag-bolted or spanner-mounted to the roof, end roof penetrations
carefully sealed. Asphalt tepe may be used betwsen the rack and
the roof.

Pipe Mounting )

Another collsctor mounting approach uses one-inch galvanized
pipe and fittings used in awnings. or a pipe and fitting system called
Speed Bail®, which can be secured with set screws. The pipe
framework can be welded or bolted to %-inch steel support piates
that are corrosion protected and fastened to the roof (Figure 2.11),

AGURE 2.11: n?cx MOUNTING MATERIALS

. All racks must be constructed to withstarid anticipated extreme

weether conditions. The bottom of the collector array must be at
lsast 1% inchas off the roof to allow water, snow, ice, and other
debris to pass under. All racks must be disgonally cross-braced.
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Mounting Techniques for New Construction
Experience has shown thet for new roofs with the correct pitch, the

ROOF- AND GROUND-MOUNTING PROCEDURES

T

best method for mounting collectors is to place the collectors
_Girectly on the felt paper. Flashing should extend over the collector
flange onto the felt paper. At the tnp and sides of the collectors,
shingles should be applied over'the flashing. Flashing shoyld be
over the shingles at the bottom. A layoer of sealant should be applied
between the collector and the roof surface. The collectors can be
attached according to the lag-boit or spanner method as discussed
previously, but without using spacer blocks (Figure 2.12),

{
{

|
-

V2~ plywood

Glating hold down screw.
mmmnn\

Fiashing

A STSS

RIS ILTLTTETLI IS APIIR TR IA SIS S,

§

TR A WL ALY R LAY LR A A
'II’IIIIJI/IIII‘IIIII/{’ Iell)l .
AATRL LA LR LR AL LR AL B AL LA LR L L A
A L AL A TSP AA oF A A AL A

FIGURE 2.12: FLASHING INTD NEW ROOF: TOP, SIDE, AND BOTTOM VIEWS

Aluminum reacts with wood presarvatives,

CAUTION!
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Mounting Techniques for Flat Roots
On flat roofs. collectors can be mounted on uprights which are then
fastened to the roof. Thcbaseoft!wupnghtuplaudmapntch
wnhiwmdboﬁlanumum»uﬂyboludonwmm by
oiﬂiortlnspannorortlnlagboltmoﬁ!odﬂ’rgurem& The con-
* tainer should hnvoaliptomptﬂnhing.whlch is extended down |
onto the roof surface. Theoontamrus then filled with pitch or
roofing cement. Pitch pots require frequent lnspectnon and do not

have lasting watertight quam:es .
k]
- Y . . /
R - . - - *
Collcctoc .
. =
Galvanized pipe =
. N =] Pnaofing cement
) Pitch contsiner
< E
H —
Bullt up = = se and
roofing T == counter flashing
- 1
“\Sheathing
—+—Rafter
. N, __Washer .
. , 2 nuts
RGURE 2.93: PITCH POT MEYHCO Mounting bolts

!

The National Roofing Contractors Association.reoommends use of

t curb mounts. A curb mount requires building up the roof surface -

. with framing members to act as an equipment support. The curb is

° - flashed into the roof surface and covered with a shest metal hood.
The collector support is boited through the hood and ﬂashmg into

. the curb (Figun 2.14). The NRCA recommends that curbs on flat
roofs not span the whole ropf so that water pockets don't develop.

. ¥
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ROOF- AND GROUND-MCUNTING PROCEDURES

Neoprene pad — '

ROOF PENETRATION FOR PIPES

it usually will be necessary to run pipes as well as fasteners
through the roof surface. Keep the number of penetrations to a
minimum. Pipes are flashed using the same methods as for vent
pipes or soil stacks. The most common way is to use a roof flange
(Figure 2.15). ‘

Roof flanges are readily obtained from roofing or building supply
"yards with the most common sizes ranging between 1% and 4
inches. They are available in galvanized steel, aluminum, neoprene,
or copper, and some have neoprena coilars. The neoprene collar
flanées do not require a sealant whers the pipe passes through,
and the collars are adjustable to any roof pitch.

Select a roof flange that will make a tight fit over the pipe. Re-
member that pipe insulation also must pass through the roof. Coat
the bottom of the flange with sealant before fastening to the roof

4i

§

o ey
. . Base flashing , .
v material

+

FIGURE 2.14; CURB MOUNT METHOD

3 -




AGURE 2.15: ROOF FLANGE FOR
PIPE PENETRATION

FIGURE 2.16: ALTERNATE ROOF
PENETRATION

ROOF- AND GRCUND-MOUNTING PROCEDURES

surface. The top of the flange must be compietely under the shin- -
gles and the bottom over the shingles. Apply more sealant betwesan
shingles and flange. ¥ e insulation doas not have a rigid casing,
an alternative method is to insulate up  he penetration and use
reducers and a plastic nippte for the penetration (Figure 2.16).

: insulation

1< ’
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GROUND MOUNTINGS

If there is too litte roof space or the roof faces the wrong direction,
collectors can be ground-moaunted. Ground mounts make installa.
ticn easier by eliminating roof work, simplifying maintenance, and
in most cases, shortening the run from collectors to storage.
Zoning ) -

Before starting construction of a ground-mounted collector array,
check | zoning ordinances. The ground-mounted unit will have
to with local requirements for setback, density, classifica-
tion of structure (will it be considered a new building?) and ses-
thatic requirements. Assthetics are particularly important in some
localities, which may even require that the supporting framework
be enclosed and finished off to resemble the house.

Footings

Collectors are mounted on a rack or frame that must be securely
attached to footings extending below the local frost line. There
should be at least four pier footings, 8" x 8" square or in diameter.
Footing holes should be dug telow the frost line and the bottoms
filled with an inch or two of dry, washed psbbles. The footings
should be poured with a frame member or a threaded rod protrud-
ing from the concrete (Figure 2.17).

If the frame is embedded, make a temporary jig so that the rack
holds shape while the concrete sets. if the frame member is wood,
it must be treated to slow deterioration. If you are using a threaded
rod, it must be at least %-inch in diameter. Instead of pouring four
footings. you might want to pour two paraliel walls (Figure 2.18).

FIGUAE 2.18: WALL FOOTING
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Ground-Mounting Frames
The collector frame can be made from sevetal materials: galvanized
stael pipe. aluminum and steel angle iron, or even wood.

Galvanized steel pipe and fittings are readily available. If the collec-
tor boxes are aluminum, keep the stesl end aluminum ffom touch-
ing each other directly to prevent galvanic corrosion.

Slotted steel angle iran of at least 12 gauge and about 1'% by 1%
inches can be easily cut to any length and bolted together. Again
careful ‘attention must be paid to corrosion control (sée below).

Aluminum angle extrusions will be lighter than steel angle iron and
more corrosion resistant, as well as galvanically compatible with
aluminum collector boxes. However, you can expect aluminum
standard shapes to be more expensive than steel.

Wooden collector frames must be made of redwood, cedar. or
Sther wood treated to resist rotting. weathering. and insects.

Framework Requirements

In addition to proper elevation and orientation, the bottom edge of
the collectors must be a minimum of 18 inches off the ground to
pravent mud splashing and snow drifting up to cover the bottom of
the panels. It is wise to attach a small gutter below ths collectors to -
prevent excessive erosion of the soil directly in front of the collec-
tor array. A pebble bed in front of the collectors will also help
prevent erosion.

Remember that the framework must be cross-braced and built to
withstand the dead load ofthe collectors. live snow loads, and wind
loads up to 100 MPH (see Wind Loads and Snow Loads above).
The collector array must not be subjected to warping that can result
from soil freezing. This can be prevented by bracing with a continu-
ous strong member around the base of the framework or by build-
ing the footings ag two walls. ‘

Piping .

The run to and from storage should be as ghort as possible, with a
minimum amount of bends and elbows. Pipes must be insulated
and weatherproofed. If the system ig a drainbeck system. the bot-
tom of the collector array must be a minimum of 2 feet above the
water ‘lgvel in the storage tank. In both draining and closed-loop
antifreeze systems. all pipes must be pitched to provide drainage.
Provide airvents at ali high points.
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CORROSION PROTECTION

Both roof-mounted and ground-mounted collector arrays and

mounting hardware (bolts, screws. washers, angles) must be care-

fully protected from corrasion. Steel mounting hardware in contact

with aluminum and copper piping in ¢ontact with aluminum hard-

ware aré both examples of high corrosion-potential combinations.

Cadmium-plated or hot-dipped galvanized hoits can be used to

mount collectors on racks. If the coating is scratched, prime with '
zinc chromate paint or special zinc-rich coating. The exposed

edges of galvanized steel angle iron should be similarly treated. - .

Dissimilar metals can be separated by washers made of fluorocar-
bon polymer (such as Teflon™), phenolic (such as Bakelite™, or
neoprene rubber. When a holt passes through two dissimilar met-
als, the inert washer should have an insulating sleeve (Figure 2.19).
Most collector manufacturers supply mounting hardware speciii-
cally designed for their equipment. Follow instructions carefully,
and be sure to cover all holes and mounting assemblies with a
high-quality seatant.

Safety
Cover collsctors with opaque material until the system is running to

prevent heat build-up. Take care not to burn hands on collector
boxes during sunny weather.

%

Lag bolt

Ground-mounted collectors require sgewhat more sffort to pro-
tect the array from.possibie vandafism and to prevent injuries to the
owner's family and visitors. Consider covering the collector array
with a layer of chicken wire one foot above the glazing if it appears ,

% Insulsting washer

- e

that vandalism is a passibility. Be sury that the glazing can still be
easily cleaned. Check for sharp protruding nail points or angle iron

1
edges. If children are apt tc play in the vicinity of the array, suggest @ Meta) washer "
that the installation include fencing around: the collectors to pre- FIGURE 2.19: LAG BOLT AND

vent bums or other accidents. INSULATING WASHER




TRANSFER
. FLUIDS,
PIPING,
AND
DUCTWORK

Each heat transfer fluid has differing properties. such as viscosity,
specific hezt, freezing, boifing, and flash points, that will determine
the size and design of many components (see Table 3.1).

Corrosion .

The combination of dissimilar metals and any heat transfer fluid
that conducts elactricity to some extent will tead to galvanic corro-
sion when the more chemically active metals are attached. lt can be
avoided by:

1. Using an nonconductive heat transfer fluid. such as a silicone or
hydrocarbon oil.

2. Using onc metal throughbut the whole system. If the metal is
copper and the transfer fluid is water, there is no need to add
corrosion inhibjtors.

3. Using an air-to-water systam. ’

Water/glycol antifreeze mixturas require an added inhibitor be-
cause glycol breakdown products include acids. Aluminum in the
system will also require.an inhibitor. Most commercially available
transfer fluids are sold with_inhibitors already added. but some will
require the. installer to formulate the proper mixture. Follow the
manufacturer's directions carefully. Most of the common inhibitors
carried in solution are sacrificial (the inhibitor is attacked. rather
than the plumbing) and, therefore, require tha instalier or the owner

. to follow a regular maintenance schedule to replace the transfer

fluid. .

N,
Be sure to flush the system out completely prior to filling to remove
solder flux, metal fifings. etc. Direct connections betwean dissimi-
lar metals must be avoided. The use of insulating washers (plastic,

[
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rubben) or silicone hoses hetween dissimilar metals will reduce

galvanic reactions at that point.
TABLE 3.1 TﬂANSFEﬂ FLUIDS
. ' HEAT
SPECIFIC VISCOSITY' CAPACITY FREEZING
MEDIUM GRAVITY CENTIPOISE BTUDF) POINT,°F
Watsr 1.000 0.5 to ’0‘9 1.00 +32
50 wt. % Water- .
sthylene glycol 1.05 12t0 44 83 -33
50 wt. % Water- _—
propylene glycol 1,02 14t0 7.0 85 -28
Paraffinic Oils B2 12 to 30- 51 +18§
Aromatic Qils .85 06t 0.8 45 - 100
Silicone Oils 94 10 to 20 .38 -120
'MM&M%W valuss are given for & temperaturs renge of :
approsimately §0°F to 140°F. o~

In solar collector systems. as in any system involving circulating
fiquids, it is not sufficient to use a dielectric fitting to separate
dissimilar metals from direct contact. Copper ions can be carried

by the fluid and deposited on another metal, causing pitting. Al "
though compiex systems of corrosion protection are availabie for ]
mixed-metal systems. the best solution is simply not 2o mix metals. /

Thoroughly flushing out a system befors filling with a transfey fluid Y,
fheips to prevent galvanic corrosion. Filings of one metal iodged in ;
an absorber plate or heat exchanger coil of a dissimilar metal can (
cause galvanic corrosion.

Water

Remember that water combined with dissimilar metals can cause
galvanic corrosion. The experienced installer probably will be .
awsre of the {ocai pH and mineral hardness problems. becsuse of

the sffects of hard water on conventional heat water systems, Even

lower system efficiancy. If local wa'.. conditions
chemical additives ur electro-magnetic devices should be consid-
ored to protect the solar DHW system. Whatever the local water
conditions, distilied or deionized water is recommended for drain-
back systems with a heat exchanger. A qualified water treatment
engineer should prescribe a treatment to make problem water safer
- for plumbing materials.

Drainback Wﬁc muat be de¥igned so that they drain completely

47
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TRANSFER FLUIDS, PIPING, AND DUCTWORK

A

WARNING!

i

and a atically under freezing conditions. Pumps for all systems
using r as a heat transfer fluid should be either bronze or
stainless steel. N

Ina clos&'&ﬂp‘s/ystem. a non-acidic flux should be used to prevent
chioride build-up which can cause pitting.

Glycol/Water Antifreeze Solutione

Care must be taken that the proper glycol mixture and heat ex-
changer have been specified. Ethylene glycol/water mixtures are
TOXIC and require a double-walled heat exchanger. Food-grads
propylene glycol U.S.P./water mixtures—when certified nontoxic
—can be used with a single-walled heat exchenger if no toxic dyes
or inhibitors have been added to the mixture. However, inhibitors
which ers Generally Recommended As Safe (GRAS) by the FDA,
such as dipotassium hydrogen pnosphate, should be added to
U.S.P. propylene glycol to maintain the proper pH. Many manu_ta;c:
turars alrsedy do this.

Water/glycol solutions should be at least 20 percent glycol. The
margin of freeze protection should be 10°F. below the historic low
of the region. A 50/50 solution is good down to —32°F., and manxi-
mum freeze protection is achisved with a 40/60 water/glycol
mixture. ‘

Water/Glycol Inetallation, Safety, and Maintenance

Do not use glycol solutions with zinc galvanized plumbing because
the required corrosion inhibitors react with zinc. Glycols may dam-
age certain mate.‘als such as the butyl rubber membranes in cer-
tain types of expansion tanks. If water/glycol mixtures are exposed
to air through-an air vent or a vacuum br'eaker and high tempera-
tures, acids will form. If these conditions occur, the pH, inhibitor
strength, and solution concentration of the water/glycol must be
chacked, and the solution replaced if necessary. Periodic checks
and replacement will be required in any case. ’

Remember that glycol solutions will leak through joints where
water would not. Gaod seals and Teflon® tape should be used.
Clycols shouid be dyed with nontoxic food-coloring dye, if not
bought that way. to help identify leaks. Make-up supply, in cage of
leaks, should not be added automatically from the city water sup-
ply. as this will reduce the glycol concentration. Depending on
local codes. water/glycol solution should be drained into dry wells
or waste drains (sanitary sewers, not storm sewers). '
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Paraffinic or Mineral Oils !

Pareffinic or mineral oils are petroleum-based heat transfer fluids.
Their useful temperature range between freezing and boiling is
greater than that of water. and they are nonconducting. Thess oils
have a higher viscosity than water and may require a larger pump.
Because they will break down into tarry materials under prolonged
exposure to heat, periodic replacement is necessary.

Paraffin oils are eonsidereci TOXIC and require a double-walled
heat exchanger. .

Silicones
Silicone heat transfer fluids are quite inert and will cause neither
galvanic corrosion nor degradation of roofing materials. They also
have a very high flash point. These fluids have high viscosities and
low specific heats compared to water: therefore. large pumps and a
flow rate of about 2% times that used for water are required.
Silicones are incompatible with expansion tanks fitted wsith neo-
prene or butyl rubber diaphragms.

H

Silicone fluids wil! leak readiiy through piping flaws that will retain
water. Even sweat-soldered joints in copper pipe will leak if not
properly soldered. A rhanufacturer-recommended pipe dope
should be used at all threaded joints. Check all manufacturer-
supplied connections for proyer sealant.

Avoid using silicone tubing or silicone sealants in the system.
EPDM rubber or Viton® is preferred. Use seal-less (canned) pumps
with magnetic drives. Use non-acidic flux when soldering to pre-
ve’n't contamination of the neutral heat transfer fluid.

Aromatic Olls ¢

Aromatic oils have lower viscosities than paraffins: this allows
smatier pumps to be used. They also have lower flash points, which
make them Ieuc 8% to use.

Aromatics will dissolva roofing tar and most elastomer seals. Viton®
seals should be used in pumps whenever paraffinic or aromatic
hydrocarbon oils are used.

Water/Glycerine Solutions

A 40/60 solution of water/glycerine (glycerol) is nontoxic and does
not require a heat exchanger with double separation. Water/
glycerine solutions have higher viscosities than water/glycol sotu-
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CAUTIONI

&

tions and, therefore, may require a larger pump. Howaver, glycerine
solutions are subject to biological contamination and may become
corrosive it overhsated.

Ai:

Air may also be used to transfer heat froi collectors to the domes-
tic hot water supply. The advantages are it cannot freeze o boil,
and it is noncorrosive and free, Disadvantages for the installer are
thet ducts are difficult to make airtight and that leaks are difficult to
de.ect. Leakage will further reduce the efficiency of an air system
which already has & much lower heat-carrying capacity than an
equal volume of a liquid.

RECOMMENDED TYPES OF PLUMBING

The most favored plumbing for solar DHW systems is sweat-
soldered. L-type copper tubing. M-type copper is also acceptable if
it is allowed by jocal building codes.

All joints in copper tubing in and near the collector array should be
soldered with 95-5 tin-antimony solder to avoid joint failure at
stagnation temperature. While 95.5 could be used throughout the
rest of the system and should be used in a silicune system, 50/50
tin-lead solder can be freely substituted in those parts of the
system that will not be subjected to the extremes of stagnation
teinperature. Remember that silicones and glycols demand well-
soldered joints.

Although soldered joints are preferred, threaded joints may be
made with a good .quality joint compound and/or Teflon" tape.
Examples of quality joint compounds are: Loctite® pipe dope with
Teflon® (Part No. 529). Crane® Je-30 pips thread sealer with Tef-
lon®, Rector® Seal No. 5, and Dow Coming”® 730 Fluorosilicone
rubber sealant, and their equivalents.

If the heat transfer fluid is a silicons or a water/glycol solution,
standard pipe dope WILL NOT pravent leakage.

If ;oncentrating or wacuated-t%be collectors are to be used, silver
solder or brazing alloys are required throughout the system be-
cause of the high temperatures encountered. Some building codes
demand the use of silvar solder. silver-beanng filler mstals, or other
brazing alloys for gll concealed pipe runs in ditches and walls,
Chek your local codes before proceeding.

a
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Plastic Pipe
Do not use PVC for hot water epplications. CPVC will sag at shout
160°F. if not adequately supported, thereby preventing draining of
draindown systems, making flushing out of non.draindown systems : *
more difficuit, and preventing air bubbles from venting properly.
Polybutylene pipe will begin to sag et about 200°F. In general, use
\c!ttn care when using plastic pips.

Galvanized Threaded Pipe "
Conventional galvanized threaded pipe may be used if already

installed in the existing DHW system. All threaded joints should be

thoroughly pipe doped.

Silicone Coupling Hoses

Silicone coupling hoses are sometimes recommended by the
manufacturer for connecting collectors to the erray manifold or to
act as expansion joints in the hot water retum circulation. Those
hoses can also be used between plumbing of dissimilar metals to
retard galvanic corrosion.

Ordinary automobile radiator hosas should never be ussd. as they CAUTION! *
break down rapidly when exposed to the ultravoilst weves in sun-
light.

Silicons hoses should be clamped with lined stainiess steei hose
clamps without the usuel perforations. The rubber will extrude

through the perforations.

Hanging and Anchoring Pipe
Pipe hung vertically should be anchored at the following intervals:

COPPER TUBING: one story or ten-foot intervals

THREADED PIPE: every other story

RIGID PLASTIC PIP~E: half-story intervals.

Pipe hung horizontally should be supported at the foliowing inter- .

vals: H ?
COPPER TUBING: eight-foot intervals for drawn tube. six-foot for
anneeled tube )i .

I

THREADED PIPE: twelve-foot intervals

RIGID PLASTIC PIPE: one-to-two-foot intervals

ERIC i
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Pipe Runs
Long pipe runs increase heat fosses. pressure drops, and installa- y
tion costs and may require installing larger size pipe (see

Appendix B).

Pipe chases from rooftop collectors should be run through closets
and between wall partitions. if pipes must be routed through rooms,
they should be run as near to the walls as possible. remembering
that thers must be a two-inch gap betwsen iwo pipes. or between
pipes and wails for insulation. Pipes that have to be brought into
the houss from ground-mounted collectors should be routed as
directly as possible. avoiding sharp bends and slis.

Expansion

All pipe should be hung or anchored ioosely enough so that it can
expand and contract with temperature changes. A 100" length of
copper pips will expand approximately 1” with a 100°F. temperature
rise. Using silicone hoses as expansion joints is advised in arrays
where there is no room for pipe expansion. Standard corrugated
expansios joints made of copper alloy are aiso available. Etbows ‘
will also allow for some expansion.

Underground Plumbing .
Underground plumbing should be well insulated (at least R-4) and
buned below the frost line. To keep insulation dry, the pipe should
be wrapped in roofing paper and sealed with hot pitch. Buriad pipe
runs should contain as few joints as possible. Some codes will not
allow any buried joints. -

Plumbing runs through or under a foundation should pass through
an irgn pipe sleeve two sizes larger than the insuiated pipe and the
gap filled with sealant or other approved matenal. Ask your local
plumbing inspector for suggested equivalent protection.

Take care that the pipe does not rest on any rocks in the trench. and
do not support it on blocks. Avoid high spots that may trap air. The
pipe shouid rest on firmly packed earth or—if the bottom of the
trench is rocky or uneven—a six-inch level layer of tamped sand. If
soft soil of poor bearing quality is found at the bottom of the
trench, deepen the trench by two pipe diameters and backfill with a
layer of fine gravel or crushed stone two pipe diameters deep.

While backfilling the trench, be sure that rocks. broken concrete. or
other construction litter doas not damage the wrapped and insu-

P
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fated pipe. Six inches of sarth should be dumpes into the trench.
carefuilly tamped around the pipe to -assure proper support and’
alignment, and then covered with a layer of treated boards to
prevent damage to the pipe from future digging. The remaining
depth should be filled and tamped at 6-inch intervals to prevent
unsightly settiing of the lawn.

Slzing ’,/'

Typically, “2-inch pipe is used for-systems utifizing up to three

collectors. but certain fittings (for pumps. etc) will have to be

adapted to larger sizes. I total pipe runs are longer than 100 feet,

% -inch pipe may be required. Headers connecting the collectors -
should be of sufficient diameter to insure equal flow rates through

each individual collector.

Standard pipe friction tables wit help you determine the amourt of
resistance for the type and length of plumbing ysed. Remember
that pipe friction will vary with heat transfer fluid, flow rate, and
plumbing material.

installation Tips

Keep insides of all tubes or pipes clean and ream out the ends of al!

pipes and tubing. Sandpaper oremery cloth the outside susface of

the ends of copper tubing and the inside surface of ali copper

fittings before soldering. Surfaces must have a bright finish. Bend .
copper tubing (providing it is annealed or bending temper tubing)

rather than use elbows or other fittings. This will reduce friction

losses. Avoid sharp bends and use bending tools. Use eccentric

reducers t0 {0in honzontal pipe of different sizes and avoid trepping

air (Figure 3.1). . .
Telion' tape
Pipa hanger
Hose clamp with sieeve ‘
1
ujj:: @ J) Iy,
Eccantric
Silicone hoce tnsutation recuce!
E ]
(34
FIGURE 3.1; PPE LENGTH AND VARIATIONS
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« . Reverse Return Hookups .
. It is desirable to connect collectors in a parallel reverse ratum
- mode. In this mode, the distance the heat transfer fluid travels is
' equalized (Figure'3.2). Balancing valves can be added for addutuonal
flow contro! if the des:gner thinks it necessary. /

= =
’ ] >

L —

FIGURE 3.2: REVERSE RETUAN = —
TION Heasder or menitold

Series Hookups
Collectors connected in a series mode obtain hagher temparatures.

" thersby reducing collector efficiency. Series hook:ps are not rec- .
ommended for solar DHW systems unless specified by ihe de-
signer (Figure 3.3). ‘\

DUCTWORK FOB Alll DHW SYSTEMS
Ductwork should not leak more than 5 percent at the design ﬂow

% rata. Use conventional mothocls for sizing. emp:oying the minimum
gauge allowable to reduce thé amount of heat retained within the

ductwork. .

»

Because of low-leakage requirements. only metal or properly in-
stallad and sealed fiberglass ducts shouid be used. Take special
care when joining ductwork to seal edges on comers. A Pittsburgh
fock sean is recommended. and added Drotection may be achieved

/ by applying a product such as 3M's EC-800 in the seam before
joining, and caulking ‘all joints. Joints should be fastened with
¢ . R shest metal screws or rivets so that the ductwork maintains its
/ - integrity through repeated expansions and contractipns (Figure
3.4} ?
L

Prefabricated swlvo! ductwork has a tendency to feak more than »
AGURE 3.3: SERIES CONFIGURATION custom-made ducts Avoid such items whenever possable
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FIGURE 3.4: DUCT CONNECTION

Duct hangers should be spaced according to conventional stand-
ards and should wrap around the insulation and not penetrate it. In
DHW solar systems, spacing of hangers wil! typically be 10’ on
centers,

k]
1
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lNSULAT'ON ll'uulating the solar DHW plumbing prior to system startup is an

portant part of the insulation procedure. You will be expected to
supply the pipe and tank insulation. Pipe insulation will usuaily be
of the closed cell foam type or spun fiberglass. insulate all exposed
pipes in the collector loop and all perts of the conventiona! DHW
systems except the city cold water supply. Insulate all olbows, tees,
valves, silicone hoses, pumps. and plumbing. butting iight up to the
collector array and storage tanks. Gouge out insulation to fit over
piugs and other hard-to-fit components,

Do not insulata the pump motor housing, tempering valve, tops of
ailr vents (Figure 4.1), or openings in vacuum breakers and refief
valves. '

nsulation Materials and Amounts

The most common pipe insulation materials are: fiberglass, elas-
tomers (Armaflex”®, Rubatex®, etc.), urethane, and isocyanurates
(Figure 4.2). The effectiveness of the insulating material is imsa-
sured in R-values (resistance to heat flow [BTU/hr./°F/it.2]) or
k-value (conductivity {BTU/hr.7#.2/°F/in.}). The higher the R or the
lower the k, the better the insulating ability. Some typical vatues are
contained in Table 4.1.

The type of insulation best suited to a given instaltation depends on

FIGURE 4.1: INSULATED AIR VENT (do focal costs.availability, job requirements, and insulating quzlities of
not insulate Cap: seal snds

of insulation) the materials {Tables 4.1 and 4,2),




INSULATION

FIGURE 4.2:

FIBERGLASS. URETHANE,
AND FOAM RUBBER
INSULATION

-

s T g

TABLE 4.1. INSULATING VALUE PER INCH

OF THICKNESS
Fiberglass R-3 k-.26
Elastomers R-3.5 k-.23 \
Urethane R-6.5 - k-.17
Isocyanurates R-7+ k-.13

Pipe insulation is usually sold by thickness. For elastomers. %" is
common. Fiberglass and urethanes are generally stocked in one
inch thicknesses. One inch of insulation is usually sufficient for
pipes under 1" in diameter. This may be achieved with single layers
of fiberglass or urethane. or a doubls layer of the elastomers. As a
ganeral rule. pipes under one inch in diameter should be insulated
to R-4. Pipes over one inch should be R-6.*

installing Fiberglass, Urethane, and Isocyanurates
Fiberglass and urethane insulation must be instalied after the sys-
tem hydrostatic pressure test (see chapter on Checkout). Both
types of insulaticn can be bought in preformed halves and must be
protected from weather and ultraviolet degradation by a watertight
plastic or metzllic jacket. Both types of insulation are available
already jacketed. The slits in the jacket should be positiohed on the
downward side of the pipes and taped over with waterprocf,
waeather-resistant tape.

*ingulating pipes increases the surface area avaiisble for radiating heat. There.
fore, R-values for pipe insulation are not equivalent to R-valuss dorived for
fiat surfaces. To caiculate R-values for pipe insulation. use the following

squation: A= logg (re/1p) )

27kd
Where: 1, = radius of insulstion
r, = rediva of pipe
k = conductivity
L = length




installing Elastomeric Insulation . )
This type of insulation is normally put on piping prior to joining. Cut
the tube of ingulation slightly longer than the pipe to be insulated.
Do nnt stretch. Slide the pipe and join by butting. Use the
manufacturer’'s recommended adhesive t0 seal the ioi% (Figure
4.3, Slitting and glusing this type of insulation is a less advisable
‘procedure. if necessary. use an adhesive and tape the ioa;nts. A
small bare spot will cause significant heat loss, so use care. Hold
back from joints and valves with clamps or Vise Grips® until after
the system has been hydrostatically tested (Figure 4.4). Expect to
have to use two layers of eisstomeric insulation to achieve outdoor
insulation requirements. Stagger the location of the butted joints or
slits-when using two fayers.

T
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Eisstomeric insulation when exposed to the weather will rapidly
crack and crumble unless jacketed or coated with a peirit approved
by the manufacturer. Do not paint over fresh joints. Paint should be
reapplied every 3-8 years, Also. elastomeric insulation will decay
rapidly if buried without being thoroughly protected from moisture
K a@nisms.
Installing Pipe Insulation
When insulating around valves outdoors, both valve stems and slits
in the insulation should point downward to prevent moisture from
getting between pipes and insulaﬁonWMer technigue is to use
elastomeric tape insulation, multilayered, with each layer overlap-
ping the last by 50 percent.

Before painting insulation that is not supplied with its own jacket,
wash off the powdery surface with alcohol or toluol. Do not use oil
base paints.

Make sure that pipes going through holes in a structure are fully
insulated and tha! holes are properly sealed to prevent feaks and
the paasage of insects and rodents.

Do not Juse duct tape on outdoor insulation. Use silicone sealant at
the butt of insulation and the collector array. Many of these types of
insulation will begin to undergo degradation over 200¢F. If you
expect higher temperatures than that for Ione periods of time, f
consult the manufacturer’s literature.

insulating Air Ducts
Fiberglass, glass wool, and urethane are the most common insula-
tion used. Ducts must be insulated to at least R-4, and insulation

Q 5 {)




must be carefuily butted and lapped. Duct work is m)available
complete with insuistion.

Fiberglass ducts at least 1-inch thick may be used indoors if prop-
erly grooved, assembled. and all joints taped. Use 1%-inch,
3-pound density insulation or equivalent for shaet metal ducts.

insulating Storage Tanks /

Storage and conventional water heatA tanks shouid be insulated to
R-11. A few manufacturers now make tenks insulated to this stand-
ard, and you also can buy prefabbed jackets in standard tank sizes.
However, it is quite posasible that you may have to wrap fiberglass
batts around the tanks. Duct tape can be used. and the foil vapor’

barrier of the batts should face outward. Cover the tank completery
and ovenly; a surprising amount of heat can be lost through a small

gap or thir spot in the insulation. When -insulating the tanks of
gas- and oil-fired water heaters, be sure the batts are kept a
minimurm of six inches from the burner 3o that the insulation back-
ing does not present a fire hazard. You now may purchase tank
insulation kits from & number of manufacturers.

L
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PUMPS,
VALVES,
GAUGES,
AND’
EXPAN-
SION
TANKS

PUMPS

in a solar DHW system, the pump is usullly o low-horsepower
contrifugal circulator of about % th to V2sth horsepower. This pump
mey be specified by the designer or included as part of a total parts

: pacluga. However, in some installations yoiz may be called upon to

supply the pump. ond yol must consider several factors in order to
choase the right one.

Flow vs. Head

The flow rate is the number of gallQns per minute of heat transfer
fluid that should flow through the §lccton It is usually between "
.015 and .04 gallons per minute per square foot of collector sur-
face. The collector manufacturer will specify the most efficient flow
rafe.

Head is the pressure a pump must push against. There are only two
typas of head that are of concem to solar DHW installers. These
are static and friction, and they must be added together. Typical
values are:10’ to 20’ of water. Head varies approximately with the
square of the flow velocity.

Friction between the transfer fluid and piping in the system causes
pressure losses. These friction head losses can be determined by
consulting standard plumbing tables in 8 number of sources (see
Appendix B). ’

Static head is the height the weter must be pumped. Unlike pres-
sure loss, it has no relationship to the length of the heat transfer
fluid circulation loop. Static head is a factor in an open-loop sys-

by
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{

tem, such as ¢ draindown system, because each time the pump .

stal’it must move fluid to the top of the collector. It is not a factor
in.closed-loop systems. :

In & siphon draindown system. ance the fluid has been circulated
throughout the system, the static head disappeers since the loop

is closed. However, static head must be considered in sizing the.

pump. In certain installations, multiple controllers or multiple
pumps may be required.

Transfer fluids other than water wili affect pump performance.
Correction_factors for viscosity (which affects friction head), spe-
cific heat (which affects flow rate) and specific gravity must be
. used. Information on such correction factors is available from
transfer fluid manutacturers (ses Appendix C). '

- Open vs. Closed Loop .
Determine if the loop ever will be exposed to air. In a closed
antifreeze system, a cast iron pump can be used. A draindown

system, where air will enter, requires a bronze or stainless steel .

pump to prevent corrosion. Galvanized pumps should not be used
with glycol/water heat transfer fluids.

Seals and Transfer Fluids

Magnetically driven pumps have no seals to wear or leak. The
pumps can be used with any transfer fluid, if compatible with other
pump métenals. Poiyethylene and polypropylene geals are at-
tacked by petroleum-based transfer fluids, 50 pumps without seals
" or those with geals made of materials such as Viton® shoutd be
used.

Selecting a Pump

With the above points in mind, consult the catalogs and literature of
several manufacturers of appropriate pumps and sxamine the per.
formance curves. Pump curves plot flow (horizontal axis) versus
head (vertical axis). Friction head Jaries with the square of the flow
rate. For example, if the flow doubles, the friction head is quad-
rupled (Figure 5.1). -

Pick a pump that most closely matches the design cusrve of the
system you are instailing. That cusrve is a product of the total head
pressure (which you must determine) and the coilactor flow rate
specified by the collector manufacturer.

=% = > Systom Cutve
. ey Clrvg

Hasd
Pl

Flow KiPull

AGURE 5.1: PUMP AND SYSTEM
CURVES
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FIGURE 5.2: PUMP (NOTE ARROW)

In some cases, two or more pumps in series may be necessary
because of increased static head or a iarge number of bends in the
pipe: If there is less head than expected, it is possible to reduce the
flow rate. However, you must remember that the cqoler a flat-plate
solar collsctor runs, the higher its efficiency. Thus, reducing the
flow rate in order to install a smaller pump for the same given head
is & poor sconomic trade-off.

Sslect a durable pump. It will have to run for long U-):ds of time at
high temperatures and prosﬁlros A pump failure could cause the
collectors to stagnate and damage the DHW system

lnthllatlon
Install the pump on a separate 15-amp service line to prevent any

" possibility of overload and pump failure. The pump should be lo-

cated on the supply side of the collectors, as close to the supply as
possible. and below the top of the tank to retain its prime. Consult
the manufacturers’ literature for proper operating positions. Some
pumps will wear out bearings rapidly if the/motor shaft is not in a
horizontal position. Check arrows on the pump to see if the flow is
inthe proper direction (Figure 5.2). ssure gauge also will tell
you if the impellor is running in the right direction. Some pumps
can easily be installed backwards. Make sure the pump is sup-
ported adequately on both sides if it is heavy enough to need
support. Locate the pump where maintenance will be easy. The
pump can be insulated, but the motor housing must not be, or the
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life of the pump will be shortened greatly. install a strainer with a
brass or stainless steel screen ahead of the pump to remove metal
filings, sediment, etc. that might damage the pump. clog collector
Passages, or cause galvanic corrosion in the system.

Pump Operation

It is importait not to lose prime during system operations. Running
alr-bound for more than 10 seconds will damage the pump if it is
not self-pnmmg In draining down, the pump must be below the
water level in the tank to retain prime.

When you start a system, the pump inay make some noise because
of air bubbles. This noise is harmless and will diminish as the air
bubbles find their way out through the air vent vaives. If the bubble
noise continues. check the system for leaks.

VALVE AND GAUGE SELECTION

Special attention must be given to the selection and placement of
valves in a solar DHW system. Most of the plumbing is no different
from that of a conventional DHW system. but the solar DHW

system may have a collsctor loop separate from the regular plumb-

ing and may use toxic or nonpotable heat transfer fluids. A variety
of valves and components often needed for the safe operation of a

solar DHW system are described below. Ftequirdd components and

their settings will vary slightly from one packaged system to an-
other.

Backflow Preventer

An approved backflow jpreventer on the city water supply may be
required in soma code Jurisdictions for any solar DHW system that
uses a nonpotable heat transfer fluid. A check valve is NOT a
substitute for an approved backflow preventer and should not be
used in its place. Check local codes for requirements in your area
(Figure 5.3). Since a residential type backflow preventer may dis-
‘charge in any direction..it should not be installed near electrical
components or items which might be damaged.

Check Valve (One-Way Valve)

Check valves are designed to permit liquid flow in only one direc-
tion. They should be installed in closed-loop systems to prevent
reverse thermosiphoning of heated water from the storage tank into
the collector array. A number of designs are available for horizontal
and vertical Piping installations. Use of swing check valves on
vertical piping is not recommended because low thermosiphon

FIGURE 5.3: BACKFLOW PREVENTER

FIGLIRE 5.4: SWING CHECK VALVE
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FIGURE 5.6: TEMPERATURE AND
PRESSURE RELIEF VALVE

FIGURE 5.7: MUING VALVE

pressurs may not completely close the valve. When installing. be
sure the arrow on the valve is pointed in the desired direction of
flow. Check valvas also should be installed in the drain ioop of
draindown systems to direct water through the colleciors properly
while the system is operating. Uiually a swing check valve
mounted horizontally is preferable to a spring check vsive mounted
vestically in @ small pump system (Figure 5.4).

Pressure Relief Vaive

Pressure relief valves are designed to allow transfer fluids to es-
cape from & closed loop if maximum working pressure is exceeded
(usually 30 to 45 psD. : >

If the system is not operating and the coilectors reach stagnation
temperature, the orassure relief valve will permit steam to escape
and prevent damage to the system. The relief valve may be installed
anywhere along ths closed-loop, but the general practice.is to
install it in the ratuin side of the loop near the expansion tank and
on the suction side of the pump. There should be a relief valve
between all closable valves. Collectors must not.be allowed to be
isolated without a relief valve in the line. The relief valve should be
either installed AFTER pressure testing or plugged during the test.

Discharge from a pressure relief valve will be very hot and should
be connected, therefore, to a waste drain or a container. ¥ dis-
charge occurs on the roof, damage or discolomtionpf roofing
materials might result. A glass container is recommended so that
any fluid discharged will be noticed, indicating: the need for
replacement of the fluid. If connecled to a drain or a dry well, the
end of the pipe should NOT be threaded (see chapter on Safety)
(Figure 5.5).

Temperature and Pressure Helief Valve'

Temperature and pressure relief valves are similar to prassure reiief

valves but contain a temperature-sensing element at the vailve inlet
that extends about six inches into the top of each sto‘r.age tank
where the hottest water is stored. Valve limits are usually set to 125
psi and 210°F. Ratings should be listed on the valve. These valves
are sometimes installed in the upper end of a tee fitting. The lower
end of the tee should be connected by tapping into the top of the
tank by means of a close nipple. The hot water supply line is
connected to the branch of the tee.

64
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Temperature and pressure reliof velves should be connected to
within 8 inches of a waste drain or dry well to prevent unexpected
discherge from scalding occupants or service personnel. The end
of the pipe should NOT be threaded (Figure 5.8).

Operating a hot water tank or two tanks in series without a tem-
peraturo and pressure relief valve is foxtremely dengerous and is
ILLEGAL IN MOST AREAS. Chack your local building codes care-
fully on this paint.

Tempering or Mixing Valve

This valve is used to add cold water to the flow of water from the
storage tank that exceeds a presst temperature, usually between
120° and 140°F. This allows the collection of hotter solar water
while protecting users from being scalded. Some mixing valves are
adjustable. it shouid be installed 12 inches below the hot water
outlst with cold water antering from the bottom (Figure 5.7,

The heat-sensing slement of a tempering valve must be removed
before soldering end replaced afterwards. High soldering tempera-
tures will render the sensing slement useless.

Pressure Reducing Valve (Pressure Regulator)

Pressure reducing valves ere often used in conventional water
supply systems to reduce incoming water pressure and prevent
damage to some componants. These valves are usually installed
when the incoming cressu:e is greater than the working pressure of
any component, such es parts of @ drrindown system. Pressure
reducing valves should be precsded by a strainer and isolated by
shutofis for cleaning (Figure 5.8).

Alr Vents.

Alr vants eliminate zir bubbles from the system. Vents are instalied
ot the high points in the system, usually in the collector manifold
and ebove the air eliminator (see Air Eliminator).

Of the two main types of vents, the manual vent is the feast
common. It is opened and closed by hand. and with roof-mounted
collectors operation becomes impractical.

Automatic float vents are the most commonly used. The cap on the
eutomatic air vent must not be tightened; it should sit Idosely on
the threads. It is there only to prevent entry of dust or water which
would clog the port. Tha vent MUST be mounted vertically (Figure
5.9). .

WARNING!

WARNING!

FIGURE .'t.ﬁé1 ATOMATIC AIR VENT
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FIGURE 3.10: AR ELIMINATOR

FIGLIRE 5.1t VACUUM RELIEF wALVE

FIGUAE 5.12: ISOLATION vALVE
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As a last step in any float vent installation, tighten the cap and then
joosen it a full two turns.

Ailr Eliminator (Alr Separator) _

An oir siiminator also removes air from the heat transter fluid. The
fluid flows across a series of baffies that causes air to bubble up
out of the fluid stream. It is then eliminated through an sutomatic
air vent threeded into the top of the scoop. Eliminators are usuaily
installed above the expansion tenk and include threaded fittings
that will mate with most sizes of tanks (Figure 5.10).

Balancing Valve

.A balancing vaive can be used to control the flow of heat transfer
fluids through each collector panet in those systems that do not
have a reverse retum piping arrangement. A proper flow velocity
through each coliector is necessary for optimum efficiency. The
simplest and least expensive type is the Square head cock, which is
installed between dach collector and the manifold, downstream
from the pump to ;}nnt cavitation. Ball or globe valves are also
commonly used. Dd not use a gate valve for balancing.

Solenocid Vaives \

Solenoid valves are electrically operated valves used in draindown
systems to start and stop (as well as divert) the flow of heat transfer
fluid. Most draindown systems use two such vaives: one nommally
open and one normally closed. When a freezing condition exists or
electrical power fails. the valve which allows fluid ta circulate to the
coflectors closes and the valve used to drain the system opens.
This procedure is reversed when the weather is warm and sunny.
Solenoid valves may require some regular maintenance. in regions
with infraquent freezing, its operation should be checked occa-
sionally.

Three-Way Valves

Three-way valves are not recommendad becausa of their tendancy
to leak through the closed part. Instead, use two or more regular
valves.

Vacuum Relief Valves

Vacuum relief valves are used in draindown systems and are in-
stalled at the high point of the system above the collector. This
valve permits the system to drain, using gravity by admitting atmo-
spheric pressure into the retum piping. it is sometimes installed
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above the cold water inlet of stomgo tanks to eliminate vacuum

conditions that could collapse the tanks (Figure 5.11).
Isolation Valves (Shutoff Valves)

isolation va\w(c should be instalied to permit certain components to

be serviced without having to drain and refill the system.

To avoid unauthorized tempering with the system, use tool
operated valves or remove the valve handles and store them in s
safe place (Figure 5.12). Globe valves should not be used because
they restrict flow and reduce asystem efficiency.

isolation valves should be placed at the following locations:

1. One on each side of the circulator pump and strainer. -

2. One at_the cold. or city water. supply intet (to shut down the . cee o pouenon
entire system). .

3. One on either side of an external heat exchanger for servicing.

4. One on each side of the screen ahead of a pressure regulator.

Isolation vaives should not be installed:i#Fs way that could isofate  WARNING!
‘Gollectors from pressure relief valves or temperature and pressure

relief valves, and the.expansion tank. ¥ this occurs. collectors could

burst during stagnation conditions.

Fili Valve

A fill valve is usually a gate valve with an open end facing up. it is
used at the high point in some systems for manua! fillup with heat
transfer fluid.

Boiler Drain Valve

There should be one boiler drain valve at the bottom of the storage
tank for draining and periodic cleaning. There should also be two
on the collector loop near the storage tank. These two valves are
used for charging up the system using a pump (see chapter on
Checkout). and they should be separated by an isolation valve.
which can be closed for system charge-up until the air is purged.
After the system is charged and capped, remove the valve handles
and label the valves with the charge-up data (Figure 5.13).

Pressure Gauge
A pressure gauge should be installed on the collector loop or on the
top of the air eliminator (Figure 5.14).

AGURE 5.14: PRESSURE G‘Ujﬁ
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AGURE 5.15: BXPANSION TANK

LY
Tho;-m'unmn ) . .
Thumomohn are not absolutely necessary, but they can provide

usetul information to the homeowner and service pononml Plac-
ing thermometers on the feed and, rotum ends of the’ oolloctor
circulation will give some indication of how the system is work-
ing. (e button-type thermometers or probe types with diame-

. tars of less than ¥1e-inch that block less than 20 percent oftlu pipe
diameter. Thenmometers with larger ptobn can be used if mstallod _

in a proportionately Jarger ﬁtling A clamp-on type thormometor can
be usetul aiso.

Combination Temperature/Pressure Gluco

. A combination gauge provides both temperaturs and pressure in-
formation on one instrument. -

Elapsed Time Meter

An elapsed t:me meter ¢an be temporarily or permanently installed
on a pump to determine when and how.long it is running and.
therefore. whether the system is operating properly (see chapter
on Checkout). . _ N

DAMPER :

Dampers are used to control the flow of air in an air system. Make
surs that dampers have positive seals. correct installation. and
proper functioning. Leaks of cold air can cause the heat exchanger
1o freexe up and will also decrease svstem efficiency.

EXPANSION TANK .

An expansion tank is a necessary component of a solar DHW
system which has a closed circulation in the collector loop. As the
tempereture of the heat transfer fluid in the loop rises. the volume
of fluid expands. The apparent expansion rate per degree rise will
depend on the heat transfer fluid used (l'-:iguro 5.15).

For example. water has an apparent expansion rate of .025 percent

. per degree of temperature rise A 50-gallon vofumb of water at
60°F. will expand to 51.75 gallons at 20CF. The expansion tank °

must compansate for this vanation In volume to keep system pres-

- sure below the maximum pressure alicwed for the-system compo-

nents.

-

If the temperature and pressure in the system rise beyond preset
limits, the pressuro relief valve will blow off fluid to keep the system
functioning within the allowable pressure range.

3
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Nonpressurized open systems do not require a separate axpansion

tank because volume variations are usually handled by the storage

tank.

‘Diaphragm or Bladder Expansion Tank
This tank contains a flexible diaphragm with an air charge on one
side and hest transfer fluid or the other. As the fluid changes
temperature and volume. the bladder compresses the air charge
and makes room for the expanding fluid.

Nondiaphragm or Expanding Expansion Tank

This tank operates in assentially the same way as a diaphragm tank,
. but hecause there is no diaphragm. some mixing of air and heat
transfer fluid will occur. Open nondiaphragm tanks must be
mounted near the highest point in the system with the air chamber
at the top. This may mean placing # outdoors. Closed rondia-
phragm expansion tanks can be located anywhere in the system.

Sizing Expansion Tankse

Manufacturers of specialized heat transfer fluids should provide
expansion factors for properly sizing expansion tanks. Glycol mix-
tures, for example, require a slightly larger expansion tank than
would be siecessary for an equal amount of wate:.

Installation

" The expansion tank should be placed on the suction side of the
. pump in the collector loop. A diaphragm tank can be instatied either
upward or downward without seriously affecting performance.
- Downward is preferred to reduce heat loss. A pressure gauge
should be provided by the manufacturer for installation with the
expansion tank. Do not tamper with or adjust the preset vaive. The
air side of an expansion tank is prepressurized by the manufac-
turar. if it is necessary to change tha air charge in the tank, there is
a threaded valve on the tank bottom.

Do not install the tank until afier the system is pressure tested
because the tank may be dzmaged during testing. Also, do not use
a galvanized expansion tank with a water/glycol heat transfer fluid.

Butyl rubber diaphragms will deteriorate when in contact with oils
or water/glyco! heat transfer fluids. If glycols are being used. the
diaphragm should be neoprene or some other suitable material.
Oils require a nondiaphragm expansion tank.

CAUTION!

CAUTION!
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CAUTION! if an expansion tank suddenly loses pressure. do not simply
\j repressurize it. Loss of pressure may indicate a Jeak in the dia-
phragm (if the tank has one) or some other system malfunction.

L




Heat exchangers and storage tanks can be considered functionally HEAT EX"'
together. Heat transfer fluid passing through the heat exchanger

heats domestic water in the storage tank or tanks. In many sys- CHANGERS
tems. heat exchangers will actually be immersed in the storage AND
tank. Many solar DHW systam component suppliers sell exchang-

ers and storage tanks as completa units. However, you may find s.ronAGE

yourself installing a separate storage tank and heat exchanger. or T ANKS
even fabricating a storage tank-hieat axchanger unit on-site. There-

fore, this chapter inciudes & &t description of various types of heat
exchangers and storage 32nka.

L3

HEAT EXCHANGERS

Heat exchangers are used to transfer thermal energy from one
medium to another across an enlarged surface area. Heat exchang-
ors separate the haat transier fluid in the collector loop {either air
or liquid? from the domestic water suuply in the storage tank. By
using a heat exchanger. uniy 2 small portion of the total amount of
fluid must be treated v prevent system corrosion or freezing.
Although heat exchangers are usuaiiy bui't ir*2 or around the hot
water storage tank, they also can be separate units,

Types of Heat Exchangers

Solar DHW heat exchangers can be either single- or double-walied.
While both liquid-to-liquid and air-to-liquid heat exchangers are
used in solar space heating systems. most solar DHW systems use
a liquid-to-liquid heat exchanger.

Thermosiphon and draindown systems <o not use heat exchangers.
The doinestic water supply itself is circulated through the collec-
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HEAT EXCHANGERS AND STORAGE TANKS

tors. Drainback systems employ a single-walled liquid-to-liquid
heat exchanger, with both fluids being water. ——

Systems using transfer fluids other than potable water (see chap-
ter on Transfer Fivids) in the collector loop are required by HUD's
IMPS to have double-walled heat exchangers if the fluids are non-
potable as defined by either IMPS or by the local health authority
having jurisdiction. Extra thick single walls are not considered ac-
ceptable protection, nor are single-walled configurations depend-
iné on potable water pressures to prevent contamination. Suppliers
of the heat transfer fluids used in the system you are installing may_
be consuited about the required degree of saparation.

Heat Exchanger Designs
There are currently a number of different heat exchanger designs
that can be used in a solar DHW system.

f
shell —
?utor I
— Hot water

— =S [-

»)

FIGURE 6.1: SHELL AND TUBE HEAT
EXCHANGER

Hot water
Hest transter

L3
uter sheli

FIGURE 0.2: WRAP-AROUND HEAT
EXCHANGER

w1l Heat transfer medium —~

Shell-and-tube heat exchangers consist of an outer casing or shell
surrounding a bundle of tubes (Figure 6.1). The transfer fluid circu-
lates between the shell and the tubes of water. The tubes are
usually steel, copper. or sometimes stainless steel. This type of
heat exchanger cannot be used with a nonpotable transfer fluid
unless two are used, but it can be used with a drainback system.

There are several types of double-walled heat exchangers. A
double separation is always required when a nonpotable transfer
fluid is used. One type consists of tubing wrapped around and
bonded to a tank (Figure 6.2). Potable water can circulate either
through the tubing or the tank. There must be good thermal contact
between tank wall and tubing, and the unit must be covered with
insulation t0 reduce heat losses.

7<
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Tube-in-tube exchangers consist of tubes of domestic water and

_collector heat transfer fluid in direct thermal contact (Figure 6.3).
There is no interme=ate heat transfer fluid. The outer tube may be
finned to help transfer additional heat. This type is suited for non-
potable heat transfer fluids. '

Parallel-tube heat exchangers (Figure 6.4) consist of parailel tubes
in continuous contact in which the heat transfer fluid and the ﬂUld
to be heated flow in opposite directions.

Air-to-water heat exchangers consist of a finned water coil in a
closed duct on the hot air retumn side of an air collector array
(Figure. 6.5) or a coil buried in the rock storage bin of an air space

. FAGURE 6.3: TUBE IN TUBE HEAT
heating system. EXCHANGER

-

Transt
T

FIGURE 6.4: PARALLEL TUBE HEAY
EXCHANGER

/Air to water heat exchanger
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Sizing Heat Exchangers” -

Most heat exchanger manufacturers use computer programs to
choose the proper heat exchanger for specified temperature and
flow conditions. Manufacturers should supply heat exchangers
with ratings indicating heat (in BTU's per hour) that will be trans-
ferred when sui:ply side and load-side entering temperatures and
the fiow rates of both sides are known. If the manufacturer's fit-
erature does not supply adequate information, contact the techni-
cu! sales department for additional information.

installing Heat Exchangers

In most solar DHW systems, the exchanger will be a coil immersed
in one of the hot water tanks. if an external type heat exchanger is
used, be sure that itis adequately supported and well insulated. Be
sure pipe connections to it and from heat exchangers are in accord
with prescribed flow. Aflow room for maintenance and drainage if
the heat exchariger is a separate unit.

STORAGE TANKS AND SYSTEMS

Water is by far the most common storage medium in solar DHW
systems. Rock storage is another method of sensible heat storage.
but is not generally used in systems that are exclusively DHW.
Storage of heat in solutions of phase-changing saits is extremely
rarg in DHW systems and therefore is not discussed.

Single-Tank vs. Two-Tank Systems

The backup conventional DHW heater can be installed as part of
the solar DHW storage tank or hooked in series witli it. For
example. a single-tank solar DHW system can be made from an
adapted electric water heater of sufficient size by digconnecting
the lower of the two electrical heating elements fron? the power
source. There are also tanks now available with one element in the
middle for solar applications. In draindown and drainback systems,
the coliector supply line outlet .s generally located in the lowest
third of the storage tank to draw out the coldest water and circulate
it through the collectors so they will work at highest efficiency.
Combining both auxiliary and solar DHW storage in one tank does
reduce the system's storage volume. A one-tank solar DHW sys-
tem will probably require a larger tank than conventional DHW
systems. '

In a two-tank system the solar DHW tank serves as a preheat tank
and has a cold water inlet. Supplemental heating takes place in the
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conventional DHW tank. Two tanks require more floor space. and .
standby losses wiil be greater. But collectors often will receive f o
lowar inlet temperatures, improving their efficiency.

The source of auxiliary heat is also a consideration. Because a gas
hot water heater wil! not stratify, two tanks may be more desirable.
An electric backup with the lower slement disconnected may func-
tion better in a one tank configuration.

Types of Storage Tanks

You probably will install only two types of tanks: steel or fiberglass.
Steel tanks are usually lined with either glass or concrete (stone-
lined). Stone-lined tanks are heavier; size and weight specifica-
tions are available from manufacturers. If the fluid in storage is
pressurized. tanks larger than 120 galions must carry an ASME
label, indicating that its construction conforms to accepted stand-
ards of safety.

Fiberglass tanks are lighter than glass- or stone-lined steel tanks
and are highly corrosion resistant. You should cheggpressure and
temperature ratings of this type of tank to see if it withstand the
maximum pressures (100 psi or more) and temperatures imposed
by the system you are instailing. Most fiberglass tanks cannot be
used to store water as high as 220°F.. even if unpressurized. As
pressure increases, its temperature limit decreases.

Tanks must have provisions for alt supply and retum lines. Tanks
can have either built-in heat exchangers (if any are required) or
separate units that you install.

Tempacature and pressure reliaf valves are mandatory for all hot WARNING!
wat;r storage tanks or in at least one tank of 8 two-tank system.

inspecting Storage Tanks ’
After the tank is delivered to the job site, check it for obvious signs

of damage. You may want to pressure test it before putting it in final
position, because the tank may be difficult to move once properly
placed. Check the condition of the in-tank heat exchanger, if there
is one. If the hoa&changor coil is suspended in the tank, bounc-
ing around during shipment may have damaged it. Reject damaged
tanks immediately.

Plug all tank openings to prevent dirt from entering. If space con-
siderations permit. leave the tank cra_ted until the move is com-

L)
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WARNING!

pleted. If the tank is to be lowered into a basement, you may need a
winch, especially if it is a stone-lined tank. In most cases, at least
two people and a hand truck will be necessary. Yake care not to
damage the tank while moving it into place. ™~

Placing Storage Tanks .

The best storage tank plaoement is near the existing DHW compo-
nients with protacticn from moisture and cold, near the point of use,
and in an area where drainage, leakage, or valve-venting will not
cause damage. In most cases, this would probably be in a cellar or
an enclosed .porch.

Storage tanks should not be installed in areas where flammable
liquids are stored.

For thermasiphon systems, the storage tank must be a minimum of
18" - 24" above the top of the collector array, which may require
placing the tank on an outside platform. the roof (depending on
collector location), or possibly in the attic.

Tanks should be level and upright (if at all possible) to obtein the
best thermal stratification of the bt watae;.’lf a tank is placed in a
basement or other unfinished area, placement should be on a
concrete pad to ensure that it stays level. A tank below grade
should be set up on blocks to prevent corrgsion in case of flooding.

In a two-tank system, the storage tank should be as close\]as
possible to'the conventional hot water heater and the
hookup, but keep enough room between them to condugt mainte-
nance and repairs.

Installing Storage Tanks

After the tank is in place, shut off the main water supply to the
existing water heater (f this is a retrofit installation) and bleed off
enough water to empty the supply line. Connect to the rest of the
solar DHW system (see chapter on Transfer Fluids). Pipe connec-
tions should’be‘provided with the tank. When plumbing the sotar
storage tank:in series with the conventional DHW tank, always
bring the cold water supply into the solar storage tank first.

When installed, the storage tank should be jeak tested before
insulation is added (see chapter on Checkout).




The task of the controller in a solar DHW system is to make the
system collect a8 much useful heat as possible and deliver it to
meet the hot water demands of the system’s users. The three basic
components of a controller are the sensor subsystem, the differen-
tial thermostat, and the t’:'output subsystem.

The Sensor Su m
Sensors measure temperatures in various parts of the solar hot
water system and ; signals to the differential thermostat. Sev-

eral types of sensors are used in solar applications. Senscrs should

be able to withsmhd collector stagnation temperatures. Because
the controller genérally is calibrated for a particular sensor, use the
sensors supplied by the manufacturer. One sensor is mounted at
the bottom of the preheat storage tank and the othe- on the collec-
to‘r absorber plate or on the outlet pipe. Always double check to see
that you have mounted the proper sensor in the correct location.

Some differential thermostats allow for a third sensor. A
temperature-limiting device or high-limit aquastat will work in con-
junction with a tank sensor mounted at the top of the tank. This
device can be set at a maximum desired temperature and will stop
circulation of heat transfer fluid through the collector loop by cut-
ting power to the circulator pump whenever the cutoff temperature
is reached. i1 a‘draindown or drainback system, this will prevent
fluid boiling in the collector loop. Along with the mixing valve, it
aiso provides added protection against scalding.

In a draindown system, a low-set or frost-cycle sensor is installed
for freeze protection. This sensor measures ambient air tempera-
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ture or collector header temperature and drains the system of water
when the temperatyre drops to a preset low. When there is avail-
able sunshine and the pump is operating. the differential thermo-
stat autometically overrides the frost sensor to prevent draining the
collector loop.

The Differential Thermostat

The diffsrential thermostat receives signals from the sensors and
uses this input to control the system. it is usually factory-set for
high and low temperature differentials to maximize the amount of
heat energy coilected and stored, and to minimize excessive cy-
cling. This reduces wear on pumps, blowers, and releys and
minimizes the amount of power necessary to operate the solar
DHW system.

Most differential thermostats are of the on-off type; the pump or
blower is either full on or off. Typically. the system comes on when
there is a 10°-18°F. positive temperature ditference between collec-
tor and storage and shuts down when there is a 3°F. temperature
difference.

Proportional differentiel thermostats are available that can vary
pump or blower speeds as a function of the temperature differential

between collector outlet and storage. Proportionel controllers are -

not recommended for drainback or draindown systems because
pumps may not receive enough power initially to fill the system ata
reasonable rate. Be sure to use the size and type of wire specified
by the manufacturer. )

The Output Subsystem
The output subsystem delivers the appropriate control voltages
from the different’sl thermostat to pumps, valves, fans. or dampers.

Switching is done with either conventiunal relays or with solid state
relay circuits. Conventional relays withstand momentary overioads
caused by eccidental shorting or by close lightning surges.

Surges will instantly destroy solid state relays. Therefore. the in-
stallation must be done properly so that no unusual loeds or surges
occur. Some controllers have built-in protection against power
surges. For pre-wired pump/control combinations. solid state re-
lays are a good choice.

Preparing for Installation
Proper installation of the controls is crucial to the safe and econom-

.'-:'l.
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ical operation of the solar DHW system. The system manufacturer
or his representative should either provide the control equipment
as part of the system package or specify it. Study the wiring
diagram. The equipment should be accompanied by complete wir-
ing instructions. if instructions are unclear. you should consult the
controller manufacturer.

Mounting the Control Panel

The control panel consists of the differential thermostat. assorted
relays, and other equipment included by the manufacturer. The
panel should be mounted in a well-ventilated location that allows
easy access for maintenance and system operation. it also should
be far enqugh away frggn storage tanks and plumbing so that leaks
and drainage will not dargpen-the floor under it. A dry wooden
platiorm should be provided for workmen.

All controls and equipment must be properly grounded and plug-in
connectors should have built-in grounds. All equipment requiring
slectrical connectors over 50 voits should have a positive means of
disconnect adjacent to and in clear sight of the controfler and other
equipment.

Locate the system on a separate unswitched circuit or, -if neces-
sary, one with a very light load. Remember that failure of the
controller because of an overloaded circuit could result in expsn-
sive damage to the solar DHW system. Power supply to the control-
ler is usually 120 volts. All wiring and equipment must be installed
n conformity with state and local codes, The control system
wining is low voltage. usually 24 volts. and 20- or 22-gauge ther-
mostat or bell wire is usually used. Shielded wire should be used if
there is evidence of high voltage interfering with the low voltage
signal.

Wiring

Rough-in service wiring from the control panel to the sensor loca-
tions. vaives and pumps (in liquid systems), or dampers and blow-
ers (in air systems). Wire runs should be as short as possible.
Wiring should be color coded and labeled. Make sure the wire you

have selected can handle the system load. Outdoor wiring with
weatherproof cover should be used for the run from the collagtor
sansor to the controller. It can be run along the return line through
the pipe flashing and secured to the pipe insujation with plastic
strap clips. All wires and cables should be supported along runs,
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and slectric cable must be securely anchored to junction boxes. All
low voltage wire should be soldered (using rosin flux) to obtain the
mos3t accurate signal transmission.

Mounting Collector Sensor

The collector sensor works most effectively when attached to the
back of the absorber plate. but it also will work well if attached to
the first 3 inches of the collector outiet pipe at the top of the
collector. Ideally. the sensor should be immersed in the heat trans-
for fluid {eaving the collector. However, sensor probes should not
protrude into the collector piping and impede the flow of the heat
transfer fluid. Some manufacturers supply collectors with sensors
already attached.

The sensor can be attached to the absorber plate with a clig or bolt.
The sensor should not touch the walls of the collector box because
the box will act as a heat sink and will produce lower temperature
reedings.

Do not bend the sensors; this can affect the readings. Do not
solder the sensor to the absorber plate or storage tank.

The sensor can be attached to the collector outiet pipe with a hose
clamp or a pressure ‘clip. Certain types may be installed in a
T-fitting (Figure 7.1). Take care that the T-fitting does not leak and
that the sensor does not restrict the fiuid flow. In an air system, the
collector sensor can be placed in the air duct just outside the
collector hot air outlet and held in place with sheet metal screws.

However the sensor is attached, be certain that there is good
thermal contact with the underlying metal. Thermal cement can be
applied between the sensor and the underlying metal to ensure
good heat transfer. Thermal cement alone should not be relied on
to maintain a good mechanical attachment, The sensor should be
adequately insulated so it is not affected by ambiént air tempera-
ture. It should be protected under the insulation by a fayer of
waterproofing tape capable of withstanding higiu temperatures.

Mounting Tank Sensor

The location of the sensor in the storage tank depends upon the
piacement of the collector outlet sensor and the differential ther-
mostat (some are adjustable). In a one-tank system (solar storage
and conventional heater in one tanik) the sensor should be in the
bottom third of the tank. Some sensors can be installed by mount-
ing them to the outside metal surface of the actual tank using
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thermal epoxy. Do not drill into the wall of a lined storage tank.
Remember that the tank must remain watertight. Do not mount in a

temperature pressure fitting.

Some tank sensors are avaiishle as threaded. pre-assembled.
sealod units. Be sure the threads are watertight. Bulb-well sensors
require thermal cement to hold them in place.

Mounting Frost Sensor
Frost sensors for dreindown systems should be placed in a

moisture-protecied and unheated location neer the collectors. such
88 under the eaves of the roof. Frost sensors should NOT be
insulated.

Hookup and Testing
Before working on a circuit. remove the fuse or trip the circuit
breaker. DHW systems are manufactured for a specitic phass and
"\?oltagst: incorrect voltage may damage the controls. Check before
hooking up the system.

Before wiring the thermostat to the circulator pump. check the
pump circuit for a short or a ground fault that could damage the
thermostat and void the warranty.

Make sure that the controls isolate the backup circuit from the solar
circuit so that the auxiliary heater is not affected if the solar energy
system breaks down,

8¢
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s/ SAFETY

Solar DHW systems are no ‘more hazardous than conventional
domestic hot watar systems. indeed. with a.few important excep-
tions, the safety precautions to be followed in installing, operating, *
and se:vicing a solar DHW syatem are the same as for conventional
DHW systems.

The major exception is that some solar DHW systems use toxic or®
nonpotable heat transfer fluids. In this case, you must take particu-
lar precautions. -

. Electrical Sle

Connections and circuit protection at the service box must mesi
local code requirements. The system controller should have its own
properly grounded and protected power outlet. Installation person-
nel should not stand on a damp floor white working on a circuit. A
d+y wooden platform shruld be provided under the service box. and
the box should be located far enough from the storage tanks and
piumbing so that leaks and drainage will not dampen the floor near it.

Maintenance Personnel Safety - .

Components should be located to assure safe, easy access to
collectors, pumps. storage tanks, and the control system for
periodic inspection, maintenance, and replacement. Tc make main-
tenance:and troubleshooting faster and safer, post a chact near the
system listing the appropriate safe pressures, fill levels, flow di-
rections, and other information for all crucial valves and other
components. Alf crucial valves and, components also should have
such information attached on clearly labeled tags. according to
HUD's IMPS. ‘ .




The main fuse should be pulled when maintenance personnel work -

on the service box. When working op pne circuit, either remove the
fuse gr trip the circuit breaker.

Pedestrian and Visitor Safety

All surfaces with operating temperatures of 120°F. or above that
cannot be insulated (such as collectors if groun mounted) should
be marked as potential hazards to prevent burns. All temperature
and/c- pressure relief valves should be located 50 that pedestrians
and equipment will not be harmed when the valves vent. If local
snow |oads are more *han 20 pounds per square foot. adequate
protection should be provided for shrubbery and for pedestrians
" who might be endangered by snow or ice sliding off roof-mounted
collactors.

Heat Transfer Fluid Safety

Heat transfer fluids should be safe and stable at both stagnation
and normal running temperatures. Toxic heat transfer fluids should
be discharged into dry well storage or sanitary drain in a manner
acceptable to local codes. A harmless dye should be added to all
toxic or nonpotable heat transfer fluids if they are not supplied with
color added.

All outlets and faucets on nonpotable or toxic fluid lines should be
wired closed and tagged ‘‘DANGER--NOT DRINKABLE." As ~n
added safety precaution. the ends of pipes draining toxic heat
transfer fluids SHOULD ROT BE THREADED. This will prevent
using hose caps and hookups for domestic usage.

There should be an air gap of at least six inches between the end of
a pipe draining toxic heat transfer fluid and the drain. This will
prevent any fluid from being siphoned back into the system. If the
toxic fluid drain is accessible to children or pets, shield it with wire
screen or other material to prevent poisoning. An approved
backfiow preventer at the cold water supply inlet may be required
by local codes. The layout of the system must be designed so that
diract connection between system wastes and the potable water
supply is impossibie. '

Hemember. there must be a double-walled heat exchanger or some
other approved method of ¢eparating toxic and nonpotable heat
transfer fluids from the heated potable water. Single-walled heat
exchangers with extra thick walls or those that rely on potable

8o
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water pressure to prevent contamination are not acceptabls to
HUD's IMPS.

User Safety
A tempering valve should be installed to limit the exit temperature

< of the domastic hot wator to prevent scalding. Brass caps should

be used on ali drain valves.

The vacuum relief valves required to prevent the collapse of storage
or expansion tanks must not be allowed to fresze.




» When installation is completed. the system must be checked for CHECK"
leaks before it is charged for use. The type of system will determine
what leak test and charge-up procedure to follow. Remembar to OUT
kesp the collectors covered. Follow procedures recommended in AND .
the manufacturer’s instructions.

Closed-Loop System—Hydrostatic Test CHARGE.
All elastomeric pipe insulation must be pulled back from joints and UP

component connections and held by clamps during leak testing. Be

sure to remove all gauges, relief valves., and expansion tanks and

plug the openings. These may be damaged if tested at pressures

greater than their design limits. Shut all il and drain valves.

Conduct a hydrostatic test of the system as described in IMPS
$-615-10.10.1. Cover the collectors (they must be at a constant
temperature). Fill the system and bring up to test pressure. For bast
results. test for one hour at 1% times maximum design pressure.

Do not use water to test silicone or oii systems bacause any water CAUTION!
left in the system will separate out and could boil, freeze, or cause

corrosion. Because water/glycol mixtures will leak in situations

when water will not, use only those mixtures to test systems using

them as heat transfer fluids.

Check all joints. If leaks are observed. tighten or resolder and
retest. After the test. drain the system completely into a container
in order to measure the system volume. This will determine the
proper amount of heat transfer fluid needed (or the amount of glycol
needed to make another batch of anti-freeze mixture) to refill the
coilector loop.

15




CHECKOUT AND CHARGE-UP

Draindown System—Drain Line Test

Because all lines must drain completely by gravity. be gsure that all
pipes are pitched properly. that solenoid valves are operating prop-
erly by applying operating current. and that there are no obstruc-
tions in the system.

Ailr System-—Leak Detoction

Leaks in the ducts of solar air systems are moufhfﬁcult to detect
than leaks in systems using liquid heat transfer flvids. Since leaks
can lower system efficiency. all sheet metal ducts must be fabri-
cated and fitted with special care.

Before insulation is applied. tumn fans on and slowly pass a wet
hand over all joints and seams to feel air leaks. If possible, blow a
scented nontoxic gas through the system and locate the leaks by
smelling at all potential leak areas.

WARNING! Because of the hazards involved, using an open candle flame to
detect leaks is definitely NOT recommended.

The potable water plumbing of air collector solar DHW svstems is
tested as described above.

Pumps and Sensors

Proper cycling of the system can be tested by installing an elapsed
time meter. it can be removed after a few weeks when you have
established that the pumps and sensors are Operating correctly. An
instatler who does many solar DHW instailations would find an
elapsed time meter a ysefu: investment.

The meter should indicate pump operation during the sunny parts

! of the day (primarily between 9:00 AM. and 3:00 P.M.) and no
operation at night. If the pump runs at night or continuously. it is a
clear indication that something is wrong with the control system.
The most likely cause is reversal of the coliector and storage
sensor to the controtler.
Sensors that are faulty or make unintended thermal contact with a
heat source are a major source of contral problems. Sensors must

" be tightly attached. If you suspect a faulty sansor. dip it altemately

in hot and cold water t0 see whether the pump starts or stops.  *

CHARGING THE SYSTEM

c After the system ig leak tested. it must be-flushed out and then
charged. The collector loop can be filled either manually from the
roof or by pumping from the lowest point in the system.
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Flushing the System
Ali metal filings, flux, solder, silt. and other contaminants not
cleaned out of the system during hydrostatic and drain line
testing must be flushed out. Check to see that collectors are still
covered and that the controller is OFF.

Open both il and drain valves and cloge the isolation valve be-
tween them. Fill a large plastic bucket with clean water. Connect
a small. hi-head self-priming pump (of the tyge v<ed to pump out
cellars) to the fill valve in the diraction of flow with the feed line
hose in the buckst. Or you may attach the fill hose directly to your
water supply. Attach another hose to the drain valve and bring to a
drain. Run for 10415 minutes. Remove and clean the strainer
screens. Do not use water to flush out any systems or parts or
systems that use hydrocarbon or silicone Feat transfer fluids.

Filling From the Bottom

To fill, repeat the flushing procedure with a bucket of heat transfer
fluid (Figure 9.1). Run the pump for about 20 minutes to purge air
from the system, recirculating the same fluid. Close the drain vaive.
Allow the gsystem to pressurize to the desired pressure. Close the
return drain valve and open the igolation valve. Shut off the pump
and cap and tag the drain with fluid type. fill date, and emergency
procedures (Figure 9.2). éost this information on a wall chart by the
switch box. Tum on the controller, set it to automatic mode, and
remove collector covers. Check the elapsed time meter for proper
system operation.

Gate vaive Elosed)

CHECKOUT AND CHARGE-UP

Pump
e s e
To L = From
coliaciors storage tank
Drain pen)
Bucket

Trenstar pump

FIGURE 9.1: FILLING SOLAR SYSTEM




CHECKOUT AND CHARGE-UP

Gate vake (opon)
m
vl T T Yo
collectors _U sorage tank
Drain (ctosed) Drain (closed)

FIGURE 9.2: SYSTEM IN OPERATING
POBIMON

a8

Filling From the Roof or High End of the System

Filling can be accomp..hed without trapping air in tha system.
Install a fill vaive at the high point in the system. Pour the fluid in
and close the vaive. This pracedure is used primarily with nonpot-
able or toxic heat transfer fluids. Beware of staining or damaging
roofing material and take proper precautions for your own safety.

Charging Follow-up

Be sure to check the system thoroughly after two days of operation.
Note that air may continue to be purged from the system and that
systom pressure may drop slightly. Check the elapsed time meter

for proper operation.

Connecting the Solar DHW System to the Conventional
System

Drain and flush the conventional DHW tank. Tumn off the water and
power. Close the drain and make the connections. Clean off excess
flux and sotder. Flush out system thoroughly. Turn on the water and
power and fill the system.
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Ali solar DHW systems should be inspected at least once yearly in
addition to any periodic maintenance that may be required for the
components. Keep a log of all maintenance performed on the
system. The homeowner should be instructed in the proper start-
uﬁ. routine maintenance, and shutdown (including emergancy)
procedures.

Colleciurs 3

The outer glazing of collectors should be cleaned regularly, with
intarvals dependent on weather, insects, nearness to trees, and ir
pollution. Clean the coliectors when thay're not too hot—early in
the moming or on a cloudy day. Tempered glass can be cleaned
with numerous commercially avaifable products, but some plastics
require careful choice of cleaning oomp’ounds‘.Acrylic. for example,
should be cleaned only with mild soap and water, foliowed by a
water rinse. Give the manufacturer's recommended cleaning in-
structions to the homeowner. Leave~ seeds, dust from nearby
construction operations, and other debris should be carefully
swept off the collectors. However, sweeping may damage some
plastic films. “

inspect the collector sensor periodically to be sure it is making
good thermal contact. inspect the absorher plate and look for
surface peeling, crazing. or scratching of the surface coating, if
any. The manufacturer may be able to recommend a proper touch-
up paint to prevent the efficiency of the collector array from drop-
ping seriously. If the collector tubing is !oose or is no longer making
contact with the absorber plate, contact the manufacturer for repair
instructions. Heat transfer cement might be used to fill jn the gaps.
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MAINTENANCE

CAUTION!

if the glazing is broken, shut down the system immediately and
cover the collector a with a sheet, tarp. or opaque plastic
dropcloth until the glazing can be replaced.

Heat Transfer Fluids

Test and replace heat transfer fluid at manufacturer's suggested
intervals. If the replacement interval for a corrosion inhibitor is
shorter than the heat transfer fluid interval, replace both at the
shorter interval.

Wateriglycol mixtures should be checked for pH, inhibitor, and
solution concentration (specific gravity) twice a year. They gener-
ally need replacing only each year or two.

Check fluids immediately after they have been subjected to near-
stagnation temperature to ses if any high temperature breakdown
of the glycols to acid has octurred.

Pumps and Bicwers

Some circulator pumps are sealed and permanontly lubricated.
others are jubricated by the heat transfer fluid. and still others
require periodic jubricatic =. Check the manufacturer’s literature for
recommended lubrication schedules, if any. Blowers in air systems

also may be sealed or may require ubrication. Check on suggested

schedules. /%{f ‘H

Pressure Gauges ( % .

Check the system pressure penodically to see lf it falls within the

proper range. ;

Plumbing %E
inspect fittings, insulation. and seals once a year for visible leaks, If Rd
a leak appears, shut down the system immediately for repeirs. g

Air Vents

Check for clean floats and seals. An air vent will sputter audibly if > /%
any dirt or debris is caught in the mechanism. Caps should be
checked to make sure that they are still loose enough to allow air .
out ot the system. Screw caps tight by hand and then loosen them ﬁm ’
TWO TURNS. If the float mechanism becomes inaperative, the air™
vent must be replaced.

Valves
Valves containing filters must be taken apart periodically to deal} ’
the screens. Be sure solenoid and automatically controlled valvos

G50
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are not getting wet. If such electrically operated valves short out,
they must be replaced. .

Storage Tanks

Tanks present few maintenance problems. Drain and flush tanks
once a year. Make sure that the tank thermal insulation has not split
or loosened or that the duct tape has not pulled loose. Check to see
that the tank temperature sensor is making good thermal contact.

Specific Maintenance for Draindown Systems

Check system pressure and its relation to the setting on the pres-
sure switch. Adjust if necessary. Remove a convenient fitting and
check for scaling. Check for clean operation of solenoid valves by
unpiugging the line from the auxiliary gutiet. Make certain that the
drain runs freely.

MAINTENANCE
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. INSTAL.-
LAT!ON
CHECKLIST

NOTE: Although it js mandatory s?andard procedure to consult the instalfation.
operations, and maintenance instructions svoplied by the manufazturer
for each approved system, the following general checklist will serve as a
useful guide for installing a typical solar DHW system. For more detailed
information, consult HUD's intermediate Minimum Property Standards
for Solar Heating and Domestic Hot Water Systems. Volume 5 {4830.2).

YES NO
1. SITING AND ORIENTATION Gy,
- 1-1. Are collect '1s oriented in a proper southerly direction? i’ e
DISCUSSION: Most manufacturers recommand true (not magnetic) south i

plus or minus 15°. Variations outside thess limits ,co
efficiency of the system. ,, )
1-2, Oc solar collectors have an unobstructed wev{" jna

e e e southerty direction between 9:00 A.M. and 3:00 P.M.?
DISCUSSION: While shading problems are pogsible all year. low winter sun
angles may cast shadows of distant obstructions across the
collectors that would not be a problem in summer. Remember
that trees which shed leaves in tho fall sre lass prone to creste
such problems than evergreens.

1-3. Are collectors tilted within acceptablg limits?

DISCUSSION: Most manufacturers recommend latitude plus up to 10° for
damestic hot water installations. Variations outside these lim-
its may reduce the efficiency of the system. increasing the tilt
favors winter enargy collection, decreasiny it favors summer
collection.




1.4,

DISCUSSION:

1-5.

DISCUSSION:

1-6.

1-7.
DISCUSSIONM:

1.8,

DISCUSSION:

1-9.

INSTALLATION CHECKLIST

Are system components located in such a manner as to
harmonize with surroundings, to minimize vandalism and
obstruction to pedestrian or vehicular traffic, and to

facilitate emergency access?

Solar energy system components may Include elements which
are large and visually dominant when viewed from off-site, if
not carefully designed and located, such elements can produce
a detrimental effect on the oversll appearance of a residential
area. The potential hazerd and muisance of collector reflections
should not be ignored when planning system locations. Also,
solar hot water systems should not block exits, roads, or walk-

.ways and, since they might be said to constitute sn "'atiractive

nuisance” (like an unfenced swimming pooD, should be fenced
off to prevent unauthorized access.

Are systam components located in such a manner as to
allow easy access for cleaning, adjusting, servicing, ex-
amination, raplacement or repair, especially without

trespassing on adjoining property?

Components should not be located in places which are difficult
to reach. Storage tanke may need periodic inspection. mainte-
nance. and possible replacement. Care must be taken that
installers do not damage existing roofing or flashing,

Is there safe and easy access to gutters, downspouts.
flashing. and caulked ioints to allow minor repairs and
preventative maintenance?

Are collectors located to minimize heat losses?

In order to avoid heat lossas, the location of the solar collector
should be planned to avoid low spots where freezing ground
fog can collect or unprotecied ridges where winds can be
more axirerae.

i ground-mounted, are collectors located to minimize

interference from drifting snow. leaves. and debris?
Collector lur}urcu are often smooth and slippery. warmer than
their surroundings. and located in alevated positions at steep
angles. Adequate space should be provided for meiting snow
to slide off collectors. Poorly placed ground-mounted collec-
tors end Components may encounter snow cover and drifting
problems beyond the capabllities of collectors to clean them-
selves. Collectors should be & minimum of 18 inches above
ground leve! at their fowest point to reduce drift coverage and
mud spiashing.

If roof-mounted, are existing rcof structures capable of
supporting the additional load imposed by the collectors?

YES

NO

v




INSTALLATION CHECKLIST

YES

NO

t
2, COLLECTOR MOUNTING

21,

DECUSS&ON:

2-2.
2-3.

DISCUSSION:

2-4.

DISCUSSION:

2-5.

DISCUSSION:

26

Is the framework constructed to support collectors under
anticipated extreme weather conditions (wind loading up

to 100 MPH, ice, rain, etc)?
A tilted collector array can markedly increase the wind loading
(both positive and negative) imposed on a roof.

Has the ﬁ-amgwork been treated to resist corrosion?

Are joints between the framework and the rest of the
building caulked and/or flashed to prevent water lvakage
and are collectors installed 80 as not to contribute to
moisture build-up. rotting. ur deterioration of the roof or
wall of the building?

All holes in the roof should be flaghed and sealed according to

the National Roofing Contractors Assaciation Manual of Roof-
ing Practices, 1970.

Are collectors installed so that water flowing off warm
collector surfaces cannot freeze in cold weather and

damage roof or wall surfaces?

Keep collectors several feet from eaves to prevent ice dams
from forming and backing water up under shingles. In the case
of ground-mounted systems. a gutter and downspout might be
necessary to prevent éxcessive erosion around the footings.

Have collectors been mounted with weep holes (f pro-

vided) at the lowest end of the collector?

Proper provision for runoff of condensation within the collec-
tors minimizes the problem of fogging of the inside of the
collector glazing. Holes should be blocked with glass fiber to
prevent entry of din,

In areas that have snow loads over 20 pounds per square
foot or greater, have provisions been made to deflect
snow or ice that may slide off roof-n.ounted components
and endanger vehicles or pedestriuns?

3. P NG AND VALVES

3-1.

DISCUSSION:

32

Have the required building, plumbing, and electrical
pemits (if necessary) beer§obtained prior to the start of

ingtalfation? .

In some localities it may be necessary to supply background
information on the operation of golar domestic hot water sys-
tems to the Jocal building inspector.

Have solar components been ordered well in advance of
the scheduled date to begin installation?
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DISCUSS!

33

3-4.

DISCUSSION:

as.

DISCUSSION:

3-6.

DISCUSSION:

37

DISCUSSION:

3-8.

DISCUSSION:

3-9.

DISCUSSION:

: fnstallers frequently underestimate the time required to com-

plote their first few installations. Special order equipment
should be received hefore installation begins.

Are connections to potable water lines being made by a
licensed plumber where required by local codes?

Is all piping properly insulated to maintain system effi-

ciency?

All piping should be Insulated to at least R-4. The first 5-10 feet
of pipe coming from the conventional water :eater tank also
should be insulated.

Is all.exposod insulation protected from weather dam-

age?

Fiberglass. rigid pipe insulation should be wrapped with weu-
ther-protective material. Neoprene insulation must be peinted
with a flexible finish or wrapped to prevent ultraviolet degrada-
tion, It is important to seat all joints, because water sespage
will damage insulation and reduce system efficiency.

Are sufficient pipe hangers, supports, and expansion de-

vices provided to compensate for thermal effects?
Insulation should not be interrupted for pipe hangers or sup-
ports. Pipes should be insulated as completely as possible.
Straight pipe runs of 100 fest or more call for an expansion
joint and anchors to avoid pipe or equipment damage.

In ground-mounted systems, are Insulated pipes to and

from collectors buried below the frost lines?

Not only do unburied pipes present a poor appearance, but
innvdequately buried pipes may be subjected to abnormal stress.
es due to frost heaving (insulation can absorb some stress).
Becanse buried pipe ‘insulation is subject to absorption of
ground water, use only thoroughly waterproofed closed-cell
foam insulation. .ocal codes may prohibit normal 95-5 or 50-50
soidered joints underground. Use 45 percent silver solder,
brazing alloys. or whatever local codes require. Take care
when backfilling the ditch that rocks and construction debris
do not touch pipes and create stress points. -~

Is piping for draindown systems properly pitched to
facilitate draining of fluid from the collectors?
Draindown systems with piping not buried boiow the frost line
are vuinerable to frost heaving, changes in the piping pitch. air
lock, and subsequent incomplete draindown resuiting in frozen
pipes, and collector damage. Closad foop systems should also
be pitched to facifitate draining. filling, and venting.

If ground-mounted collectors are used, is the run of pipa

to storage and back reduced to the absolute minimum?
Long pipe runs between collectos and storage tanxs reduce
the efficiency of the system by increasing heat losses and
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INSTALLATION CHECKLIST

YES NO

3-10.

311,

3-12. .

3-13.

314

3-18.

3-16.

DISTUSSION:

317.

DISCUSSION:

3-18.

I . .
pressure drops. If the run ffom collectors to storage and back is
greater than 100 feet, use thicker insulation and consuit stand-
ard plumbing tables for pbo size required. Promlom must oe
made for expansion.

Have isolation valvus been ;:roviged so-that major com-
ponents of the system (pumps. heat exchangers, storage
tani) can be serviced witt'out system draindown? °

Have air bleed valves been provided at high points in the
system so that air can be removed from the liquid circu-
lation i0opduring both filling and normal operation?

Have suitable connections been supplied for filling, flush-
ing, and draining both the collector loop and the potable
water piping of the system?

Has piping been leak tested to 1%z times system design
pressure for at lgast 1 hour at constant tsmperature (with

. collectors covered) prior to backfilling and insulating?

Has corrosion between dissimilar metals heen avoided

" by the use of suitable inhibitors in the system as well as

dislectric washers in the mounting?

Has care been taken not to shom:ft out the insulating etfect
of dielectric washers betwiken dissimilar metals by pipe
hangers, control systems connections. etc.?

Will heat transfer fluids be safe and stable at both stag-

nation temperature and normal running temperatures?
Glycol heat transfer fluids should not b~ subjectéd to more
than 250°F. because this will shorten service life. The flash
point of any oil should be compared with the maximum collec-
tor stagnation temperature, particulsriy if the collector man-
ifold 1s inside the building envelope.

If a system using antifreeze is used. have a fill valve and a

drain (for sampling) been provided in the collector ‘oop?
An axtra gate vaive and drain may have to be installed to blow
out the system with compressed air if it is nbt pitched 0 drain
properly. Make sure that the fill port js upstream of the check:
valve to prevent air being trapped in the system when filling
the collector loop with antifreexe.

Has a tempering valve or other temperature limiting do-
vics been instalied tc: limjt exit temperature of the aot
watur to a safe level”

¥
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-DISCUSSION:

3-19.

INSTALLATION CHECKLIST

.\
o

LY

Reduging the Output water temperature prevents scalding.
saves energy. and may bie required by law for unrogulated
DHW water heaters.

If a system containing antifreeze is used, have threaded

- joints been taped with tightly drawn Tefion® tape?

DISCUSSION:

3-20.

3-21.

3-22.

DISCUSSION:

LN

3.23.

324,
DISCUSSION:”

3-25.

Antifreqze solutions will often leak through joints that normally
will contain water. Therefora. special attention should be paid
to joint leakale.

Are all systems. subsystems. and components clearly
labeled with appropriate fiow direction, fill weight, pres-

. sure, temperature, and other information useful for ser-

vicin: or routine maintenance?

Are there vacuum‘reﬁef valves in the system to prevent
the collapse of storage or expansion tanks?

Has care been taken to install the circulator pumps so
that fluid is flowing in the proper direction?

improper pump installation is a common problem. Check to
see that the amall paper gasket in a Bell and Gossett” pump Gf
used) is still intact after rotating the pump for proper flow
direction.. Pumps manufactuged by other firms will indicate flow
direction by another method. Isolate pump vibration from struc-
tural members,

Has the expansion ‘tank been located on *he suction side
of the pump? .

Has a check valve been installed in the collector loop to

prevent reverse circutation by thermosiphoning at night?
Such reverse cnrculatuon causes system inefficiency and heat
losses,

Are vacuum relief valves protected from freezing?

4. STORAGE TANK

4.1.

42,

DISCUSSION:

4.3.

Is the storage tank insulated to at jeast R-11?

Are the piping connections to the tank located to promote

thermal stratification?

The cold city water inlst should be at the bottom of the storage
tank, as should the pickup for the coid water to be suppliod to
the heat exchanger or collector. Hot fluid returning from the
heat sxchanger or collector should be introduced at the top of
the tank. Do not block the top of a gas heater or the entrance of
combustion air at its bgse.

If a storage tank is installed on a roof or in an attic, is it
provided with a drip pan and an outlet to an adequate
drain? :
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INSTALLATION CHECKLIST

S ‘NO )
YE . 44,

-t

v DISCUSSION

4-5.

‘51 1

5-2.

.53, -

DISCUSSION:

5-5.

DISCUSSION:

5-6.

Is the starage tank properly connected to the conven-
tional water heater? ;

imize -qsumnoﬂiqur.-lho.cdlu:tor. foop-must be—— .

permitted to operate independently of the hot water demand. A
separate tank, in addition to the conventional heatar tank. will
provide greatest system efficiency. The higher gnd of the solar
stdrage tank, through which the collector loop circutates. may
be connected to the fow aond of the conventiomal hot water
tank 30 that cold Zity water goes into the solar tank and forces
the preheated water from the top of the solar tank intothe
conventional tank.

Are buried Storage tanks anchored ta prevent fiotation in
case of high groundwater levels?

5. SYSTEM SAFETY

Are all surfaces with running temperatures at 120°F. or

. higher isolated from pedastnan traffic in ouier to prevent

burns? *

Ase tompe}ature andfOr p 9ssure relief valves installed so
that pedestrians or equipmeént are not exposed ta effects
of venting valves? I,

Amumpeaam:eandlotpmsure.rehetvalmmstall&dso .-

as to prevent system pressures from rising above work-
ing pressure and temperatures? e

When toxic or flammable fluids are used in the system,
will fluids overflow or discharge into sewers or storage in

-a manner acceptable to the local applicable codes?

As an added safety precaution. the end of the pipe draining the
toxic or flammable heet transfer fluid should NOT BE
THREADED to pravent any type of hose hookups for any acci-
dental use.

I¥ supplied ‘water pressure is in excess of 30 pounds per
square inch or the working pressure rating of any system

components. has an approved pressure regulatar pre-

ceded by an adequate ‘strainer been installed?

Pressury should be reduced below 80 psig or system working
pressure. Ench regulator and-strainer should be located and
isolated by valves s0 that the strainer is readily accessible for
cleaning without removing the regulator or strainer bocly or
disconnecting the supply piping.

Has the system been designed so that any direct con-
nection between wastes from the system Qd potable
water is impossible? .
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INSTALLATION CHECKLIST

5-7. Is there an approved backflow preventer at the cold water

supply inlet if reqmred" .
DlSCUSSION When a backficw preventer is installed, an expansion tank may

5-8. " Is there a’double-walled heat exchanger in the system or
another approved method of sepafating nonpotable heat

transfer fluids from potable water?

DISCUSSION: HUD's Intermediate Minimum Property Standards notes that
singla-walled heat exchanger designs that rely solely on pata-
ble water pressure or extra thick walls t+ prevent oontamma

- tion are not acceptable. .

5-9. Have all outiets and faucets on the nonpotable water

: lines of the system that might be used by ‘mistake for .

~ drinking or domestic uses been marked “DANGER—

WATER NOT DRINKABLE"?
DISCUSSION: lRtis suggested that vaive handies be removed or tool-operated

valves be added if the system is accessible to children too -

L young to read.

5-10. - It hazardous fluids are used in the system, have proper
procedures for their use, including first-aid, handling, and

safe disposal been supplied to the owner?

DISCUSSION: Nonpotable heat transter fluids shouid be colored as a safety
precaution.

5-11. Is adequate drainage available in the collector piping

array for leaks in collectors and discharges from pressure

) relief valves?
DISCUSSION: Suitable high-temperature weather-resistant piping shouid be
utilized. Bacause some oils are corrosive to asphait shingles,
"take special care when oils are used in the ¢ollector ioop and
coliectors are roof-mounted.

6. ELECTRICAL S\'STEM .
6-1. ‘Does field electrical wiring comply with aII applicable

local codes and equipment manufacturer's recom-
mendations?
6-2. Is there a properly grounded and protected power outlet

for the system controls?

6-3. Has control circuit wiring been color-coded or otherwise
labeled so that wires are readily traceable?

6-4. Are the sensors for collectors and storage tank attached.
tightly for the best possible thermal transfer and located
per equipment manufacturer’s instructions?

4 - 9‘\)
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'INSTALLATION CHECKLIST - ,

6-5. Is tha collector temperature sensor located in a collector

= or near the axit from the collector array?
. . '
- .. 7. CHECKOUT AND START-UP OF SYSTEM
o _ 7-1. Has a person qualified in botiv solar and conventional hot
v . . water systems put the system thro:gh at least one start-

up and shutdown cycle. including putting the system

through all modes of operation?
DISCUSSION: Instailatioh labor should include time allotted to Halance the
’ system for proper flow. Temperature differences under known
conditions can be used in lieu of a flow meter. )

7-2. Has the owner been instructed in the proper start}xp

" and shutdown procedures. .including the operation of
e o ? emergency shutdown devices. and _fUII.y in_s'}:uc‘ted
in the importance of routine maintenance of the q

including cleaning collector glazing and other
nents, draining and refilling the system, air venting. Yor-

rosion control, and other-procedures? -

. DISCUSSION: A clear understanding between instsller and owner as t0 what
. task could or should be undertaken by sach party is & valuable
tool for increasing solar business. Some owners may be inter-
ested in doing some or all of their system's routine mainte-
nance. Qthers will gladly enter a service contract arrangément
when the full extent of the routine maintenance tasks is clearly
understood. While you might_be more interested in an
~ * installation—rather than maintenance—based business. re-
., member that regular gervice calls give the owner an opportu-

L nity to have a system “tuned™ to greatest efficiency. :

7-3. Do operating instructions include provisions for the sys-
‘ tem if the owner leaves for a vacation ‘and hot water use
is nil?

7-4. - Has the system been designed so that both solar and
‘ conventional systems can operata independently of each
o ) other?

L 7
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GLOSSARY AND .
SYMBOLS

Absorbent—the less volatnle of the two workingfluids used in an
absorption cooling devuca

Absort, sr—the surface in a collector that-absorbs solar radiation

are good absorbers and emitters of thermal radiation while white
and metallic surfaces are not (see Selactive Surface).

Absorptance—the ratio of energy absorbed by a surface to the
energy striking it. ‘

Aeﬁv‘j Systom——a solar heating or cooling system that requires
external mechanical power to move the collected heat.

* Air-type Collector—a collector that‘uses air as the heat transfer
fluid. . / 5
Ahitude—the apgular distance from the horizon to the sun.

Ambient Temperature—the temiierawre of surrounding outside .
air.

_ ASHRAE—abbreviation for the American Society of Heating. Re-
frigerating and Air-Conditioning Engineers.

Auxiliary Heat—the extra heat provided by a conventional heat-
ing system for periods of cloudiness or intense cold when asolar
heating system canrtot prowde enough.

10}

and converts it to heat energy; generally, matte_black surfaces : - e
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Azimuth—the angular.distance between true south and the point
_on the horizon directly below the sun. >

| S
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" British Thermal Unit (BTU)—the quantity of heat needed to

raise the temperature of one pound of water one ‘degree
Fahrenheit. — - -~ — — o — . ———

Calorie—the quantity of heat needed to raise the temperature of
~ one gram of water one degree Celsius.

Closed Loop—any Ioop in the system which is not exposed to the
atmosphere

'coelﬂclent of Heat Transmission—the rate of heat loss in ,

BTU per hour through a square foot of wall‘or other building
surface wherr the difference between indoor and outdoor air
temperatures is one degree Fahrenheit, -

Collector—a device that collects solar radiation and converts it
into heat, =

Collector Efficiency—the ratio of usable heat energy extracted

from a collector to the solar energy striking the cover.

~ Collector Tilt—the-angle-between the hotizontal plane and the

solar collector plane.

ConcentFiting a(f':ialloctcn'---a device which concentrates the
sun's rays on an absorber surface which is slgmficantly smaller
thap the overall co!lector area.

Conductance—the rate of heat\low_'(in BTUs per hour) through
an object when a 1°F. temperature difference is mamtained be-
tween the sides of the object.

Conduction—the flow of heat due to temperature variations
within a material.

Conductivity (k-value)—a measure of the ability of a material to
permit conduction heat flow through it

Convection—the motion of fluid such as, gas or fiquid, by
which heat may be transpo‘rted (see Gravity Convection).

Cover Plate—a sheet of glass or transparent plastic placed above
the absorber in a flat-plate collactor {see Absorber and Collec-

tor). \

\
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Degree-day—a unit that represents a 1°F deviation from some . : . '\

fixed reference point (usually 65°F.) in"the mean daily outdoor .
temperature -

. -

[ PR

Domand Load-—-domestlc water ﬁeatmg needs to be supphed by

solar or conyentional energy.
Diffuse RJ&ﬁon-;—_-indirect sunlight that is scatteréd‘ from air '
‘molecules. dust. and water vapor.

Direct Radiation—solar ‘vadiation that comes strarght from the ' ,
sun, casting shadows an a clear day.

—rt

Dernestic Water Pmeuu—-the pressure of the potabie water
within thé burldmg from sources not related to the solar domestic -
hot«water system

3 - o
Dauble-glazod—covered' by two panes of glass or other trans- '
parent matenal ' .

Dauble Wall Separation—heat exchangers utilizing non-
potatile heat transfer fliids are separated from the potable water - .
system by use of two walls hetween the fluids. . : . B

) Emnttanee—-a measure of the properlsity of a matenal to radlate . -

energy to its surroundmgs _ . - Q

Flat-plate Collector—a solar collection device in which sunlight
is converted into heat oh a plane surface without the aid of
reflacting surfaces to concentrate the rays (see Collecton).

- (ad F

Forced Convection—the transfer-of heat by the flow of fluids - ‘

“(siich as air or water) driven by fans: blowers, or pumps. ) .

Galvanic Corrosion—the condition caused as a result of a con-
ducting liquid making contact with two different metals which are .
not properly isola*ed physically and/or electrically.

Getters—(sacrificial anodesl—a column or cartridge containing
*an active metal which will be sacrificed to protect some other
metal in the system against galvanic corrosion.

Gravity Convection—the natural movement of heat that occurs .
whaen a warm fluid rises and a cool fluid sinks under the influence .
of gra‘vfty (see Convection). , /

Header—the pipe that runs across the edge of an array of solar R
oollectors gathering (or distributing) the heat tra nsfer fluid from

’
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4 -
. ) - " {or to) the risers in the individual coliectors. This insures that
R equal flow rates and pressure are maintamed (see Hlsers) }
R L e | P¥- 3 Gapmty-»au property.. of-aamatenat denoting ;ta ahth_tg to
. absorb heat.

) Heat Exchangou’\-a devicB such a; a coiled copper tube im- )
' mersed in a tank of water, that is used to transfer heat from one
fluid to another through a saﬁ’aratang wall.

Heat Stofago—a device or medium that absorbs collected solar
heat and stores it for use during periods of inclement or cold
weather. . i

. . Heat Storage CQp.cley-—-the amount of heat which can be
stored by a material. T ‘

. ‘Heating Season—the peyifd from eari)" fall to late spring (in the -
- ~ ‘ . . Northern Hemisphere} during which additional heat is needed to
keep a house comfortable for its occupants. \

Hybrid Solar Energy Sysfem—a system that uses both active ,
and passive mathods in its operat:oo (see Active System and
’ Passive System).

Infraved Radlatioh—slectromagnetic radiation from the sunthat - - ——
has wavelengths slightly longer than visible light. '
./

. Insolation—the total amount of solar radiation—direct, diffused.
and reﬂected—-skiking a surface exposed to the sky.

ins uhtpﬁ-—a material with high resnstance (R-value) to heat flow:

Isogonic Chart~shows magnetic compass deviations from true
north. ’ \

k-uluo—(see Conductivity) BTUMN/H2F° per inch.

Kilowatt—a measure of power equal’to one thousand watts, ap- .
/ proximately 1 1/3 horsepower, usually appliéd to electricity.

i
Kilowatt-hour (kwh)—the amount qf energy equivalent to 1
\ kilowatt of power being used for one hour; 3.413 BTV,

- o Langley—a measura of solar radiation: equal to one calone per
square centimeter.

Liquid-type Coll collector using a liquid as the heat
transfer fluid (see Collector). '

104
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pen Systom-—-some.part.o! the system is vented to the atmo-
_Sphere, or the system contains fresh or changeable water.

Passiu gymm—-an asfembly of natural and architoptur'al com-
ponents which converts solar energy- into usable or storable -
_ thermal energy (heat) whanical power.

Pprcent Possible Sunshine—the pércéntage of daytime hours.
du@g/ﬁﬂlch there is enough direct solar radiation to cast-a
--shadow {see Direct Radiation). ; -

Pyranometer—an instrument for measunng solar radlatlon (ses
“Solar Radiatiow. v O . . ‘ )

Radiation—the flow of energy across open space via elec-
tromagnetic waves such as visible light. :

- Reflected Radiation—sunlight that is reflected from surround-
ing trees. terrain, or bulldmgs - .

.

Refrigorant—a Ilquu!,such as Frhon" that is used in cooling.
devices to absorb heat fron% surtounding air or Kquids.

llcradiahon-—-radlahon resultmg from the emlssmn of previously
absorbed radiatlon

Hesistance (R-valuo)-—the tendency of a material to retargl the
ﬁow (}f heat, ‘ ) . ,

Hotroﬁtting—-the additlon of a solar heating or cooling system to
" an existing building.

"

Risers—the flow channels o;' pipes that distribute the heat trans- - .
fer liquid from t~~ headers across the face of an absorber piate
(see Header). .

4 R-value—see Resistance. ) 1 )
BTUMr/f2F.°
e .
- Seasonal Efﬂc nency—the ratio. over an entire heati ng seaso. of
solar energy cotlected and used to the solar energy striking the
collector.

Selective Surface—a surface that absorbs tadiation of orie
wavélength (for example. sunlight) but emits little radiation of
.another wavelength (for example. infrared); used as coating for’ . .

Q f H *
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e gpeific: glaging systent -to” the total ‘sofar heat galii througha Sty

’

. ahsorber plates. .

Thermosiphoning—the pro:cess that makes water circulate au-

. £ . . ]
Shading Coefficient—the ratio.of the solar heat gain through a

single layer of.clear double-strength glass.

Solar Constant—the average intensity of solar radiation reach-
ing the earth outside the atmosphere; amounting to two langleys
.or 1.94 gram-calories per square centmnater. equal to 442.4

BTUMrft2, or 1385 watts/m?, .

—

Solar Radlatfqn (Solar Enorgy)-—electromagnetic radiation
emitted by the sun.

Solar Rights (Sun Rigbu' or Sol.ar Access)—a legal. issue
conceming the right of access to sunfight.

Specific Heat—the qziuantity of heat, in BTU. needed to raise the
tempereture of one pound of a material 1°F.

Standby Heat l'.ou-—t.leat lost through storage tank and piping
walls (rate of heat loss differs from standing still and when
movirg). '

Sun_Peth Diagram (Solar Window)-—a_circularprojection of _ ,
the sky vault, similar to a map. that can be used to determine
solar positions and to calculate shading. ‘

Thermal Radiation—electramagnetic radiation emitted by a )
_ warm body (see Infrared Radiation). ) .

Thermistor—sensing device which changes its electrical resist- ?
ance according ‘o temperature. Used in the control_system to
generate input data on collector and storage tank temperatures.

tomatically between a warm collector and a*cooler storage tank
above it (see Gravity Convectlon)

Tikkt Angle—the angle that a Hat collector surface forms with the
horizontal plane (see Collector Tilt).

Trickle-typeé collector—a ‘collector in which the heat transfer
fluid flows in opsn channels on the absorber.

Tube-iri-plate Absorber—a metal absorber plate in which the
¥
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l;oat transfer fluid flows through pauage; formed in the plate
imlt i
I_ustszggm_co_ﬂosm_r:a@lm inwhichi the heat transter lig-- - .o
. uid flows through metal tubes that are fasjened to the absorber ’
plate by solder, clamps, or other means {see Cqllector). - ’

Ultraviolet Radiation—electromagnetic radiation with -

. wavelengths slightly shorter than visible light. N

Ungluzed Collector—a collector without a cover plate. )

§YMBOLS

. Pump ’ Isolation V“l“
. ) Fill Valve
Check Valve ]
N Pressure Gauge
Tomperature andior
Pvessure 'Relief Valve EP
. “Thermometer
C il : et )
Pressure Reducing Valve \
) 5 43 . Strainer )
* Alr Vent (Air Eliminator) T T e
< Heat Exchanger : 2
"&7 r s
Solenoid Valve Dampor ’
\

‘_-u-"
.

a7




fe===x .

APPENDIX B: BIBLIOGHAPHY

DESIGN
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A DESIGN MANUAL FOR SOLAR WATER HEATERS . . . Horizon "
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ASHRAE HANDBOOK OF FUN DAMENTALS .. . ASHRAE (Sales
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BUILD YOUR-OWN SOLAR WATER HEATER . . . Stu Campbell ‘
with Doug Taff, Garlen Way Publlshmg. Charlotte! VT 05445, . ' T
1978, 109 pp. $7.95; . -

BUILD YOUR OWN SOLAR WATER HEATER . .. Florida s
_ Conservation Foundation. Inc.. 935 Orange Ave., Winter Park, FL
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¢+ COPPER TUBING HANDBOOK . . . Copper Development '
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P.O. Box 3159, Torrance, CA 90510. 39.pp, Free.
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- DWELLINGS AND MULTIFAMILY HOUSING INCLUDING

. .. . SMACNA, 8224 Old Courthouse Rd., Tysons Comer, VA
" 22180, 1977, $10.00.

. HIGH PRESSURE DUCT CONSTRUCTION STANDARDS ... . .
SMACNA - ». . T~

LOW PRESSURE DUCT CONSTRUCTION smgm;mns .
SMACNA .

FIBROUS GLASS DUCT CONSTRUCTION STANDARDS .
SMACNA .

NO HEAT. NO RENT: AN URBAN SOLAR & CONSERVATION
MANUAL . . . The Energy Tagk Force; Available from Community
Services Adrmmstratuon Washington, DC 20506, 1877, Free.

RETE'-IOFI‘!’ SOL.AR WATER HEATING SYSTEM FOR URBAN
BUILDINGS ... D. C. Larson et al.. Proceedings of the 2nd
Southeastern Conference on Applucatuon of ilar Energy. Baton
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SOLAR INST ALLER

TOOL KIT

Here is a suggested list of tools you will need to successfully

complete the installation of your solar hot water system.

Compass  _

Fire extinguisher

Gas torch &igniter

Tubing cutter with
reamer or wirs brush

Steel wool or emery cloth

Hacksaw

Pipe wrenches, 14"

Electric Drill, %~

Drill bits, up to %" and
carbide tip

Hole saws, 2" to 3"

100’ extension cord

Extension ladder

100° of %" rope

No-skid shoes

Hammer

Level or tevelinclinometer
combination

Plastic water bucket, 5-galion

Two washing machine hoses
(female' connections)

Saw gﬁ\

Tin snips

Pliers, including Vise Grips®

Adjustable end wrenches, 14"

Folding rule and 50’ tape

Chatk line

Screwdrivars, including
phillips head

Caulking gun

Matte knife and Llades

Pencils

Putty knife

Wire cutter, strippers

Volt-ohm meter

Electrical tape

Pipe tap; %" NP.T.

Transfer pump, 120 volt,
seif-priming 40’ head *

Rags

7111
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*

.k'

\\NOTE: Some installations will require addutlonal tools and
. aquipment.

There are 2 number of devices on the market to help you in siting
coliectors and determining shading. Among them ate:

Soiar Site Kit . . . Finds sun angles, calculates shading, measures
roof pitch . . . Solar,P.LE., P.O. Box 506, Columbus, NC 28722, -
$2.95.

Solar Site Selector . . , Finds sun angles, determines shading . .
Don Lewis, P.O. Box 186, Amador City, CA 95601, $31.50.

Solar Siter Heliodon . . . model of relative motions of earth and sun '
. . plans from: Solar Bookshop. Total Environmental Action, Inc .
7 Chul;ch Hill, Hamsvdlo. NH 03450, $475

L

Sun Anjle Calculator . . , Determines sun angles . . . Libbey-
Owens-Ford, Toledo, OH, 43695, $4.00. ‘

-

¥ " '
Sun Angle Desk Top Calculator , . ?rov:deghours of day in sun
hours and months of year, elevation in degreas from horizon and

. compass bearings from soutti;>'. Zomeworks Corp Box 712,

Albuquerque, NM 87103 $65.00. ,

Sun Scope, i . Permnts sun sitings for any hour, each season

.. Solar Usaga‘Now-tnc—P-e—BonOG Bascom OH 44809, No.
"wes $9.95.

Roof hoists are avanlable to lift collectors One such device is:
Handy Hoist ... Manufactured b Sun & Roof Engineering, Inc.,
11622 W. Exposition Bivd., Suute 2, West.Los Angeles, CA 80064,
$350.00. '

]
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"SOLAR MINIMUM -
PROPERTY STANDARDS:
‘HOW THEY CAN WOHK
FOR YOU

The rapid development of soiar»technolt;gy created a need among
the solar designer, contractor. and'installer, as well as the solar
lender and appraiser and home msuram:e agent, for a set of stand-
ards ‘which could ap‘gly tq all solar energy systems—a complete
reference guide, outifhing materials, methods, arid performance
expected for a qual lar heating System.

To help fulfill this need, the U.S. Department of Housing and Urban

Deveiopment (HUD) and the U.S. Department of Energy (DOB,

with the assistance of the Office of Housing and Bualding Technol-
ogy of the National Buroau of Standards (NBS), developed a set of
-Intesmediate Minimum Property Standards (IMPS) which applies to

dwellings equipped with solar heating and solar domestic hot water
systéms.

Called the HUD Iritermediate Minimum Property Standards Sup-
piemont': Solar Heating and Domestic Hot Water Systems, they
supplement the Minimum Property Standards for One- and Two-
Family Dwellings, MPS 4900.1, and Minimum Property Standards
for Multi-family Dwellings, MPS 49105, and are to be used in
conjunction with these,

f
’

The IMPS basically augment the regular MPS, addressing those
aspects of planning and design for solar housing which are dif-
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-

N

ferent from conventional housing. ‘They are based on current
state-of-the-art technology and practice and on nationally recog-
nized standards for solar installations.

" The document is organized into chapters and divisions that parallel
the general MPS to facilitate easier reference use. Most standards
are accompanied by a commentary to explain further the nécessity
of that particular standard. and especially to clarify its implications
for the solar energy system.

' . The IMPS went into effect in July, 1977 for all Federal Housing
. Administration ‘(FHA), Veterans Administration (VA), and Farmers
¢ Home Administration (FmHA) projects utilizing solar energy sys-

tems. ' )

a They were used in the technical evaluation of submissions for the
HUD solar. domestic hot water initiative in 11 states and for the
technical_evaluation of appiications received in HUD's solar dem-
onstration project. In addition, the IMPS define the minimum qual- o
ity level acceptable for single- and multi-family residences, nuf8ing
homes. and intermediate care faciliﬁes desigmd and constructed

- under HUD housing programs..

- Many national trade associations have investigated for their mem- -
¢ . bers the impact of IMPS upon their organization. Heating, ventilat-
7 ing, and air conditioning (HVAC) contractors, as well as plumbers,
"roofers, sheet metal workers, and a host of others who have be-
, . ) come involved in solar installation in the HUD demonstration pro-
‘ ’ * gram are now applying the standards to their operations

Associations. such as the Northamerican Heatmg and Aircondition-
ing. Wholesalers Association (NHAW), the Intemational Associa-
tion of Plumbing and Mechanical Officials GAPMOD, and the Amer--
ican Society . of Heating. Refrigerating. and Air-Conditioning
Enginesrs (ASHRAE), are responding to the HUD solar standards
by providing feedback. by undertaking projects to interface their
' own codes with the JMPS. or by passing information from [MPS on
’ to their members, The Shest Metal and Air Conditioning Contrac-
: tors Association SMACNA), for example. keeps copies of the HUD
IMPS in each of their chapter offices, makiqg them readily available
) ' to all members.

Less apparent, perhaps. is the importance of the !MPS to the solar
. home mortgage lender and the solar homs insurer.

114 .
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“ By using the IMPS, the lender tan make an informed appraisal of
the solar home to be mortgaged by differentiating a well-designed.
properly instailed. solar energy system from a poorly constructed
one, which may have an ‘eventual depreclatmg effect upon the
/home

L)

-

~ The solar home insurer must also review the solar energy system °
before providing coverage. He can use the IMPS to detect areas in '
the construction and installation of the solar system where prob- .- 3
lems might occur and make an overall evaluation of the quality
of the solar installation. The insurer can then determine the
policy necessary to provide the solar. homeowner with adequate
coverage. * ‘ .

The Altemative Energy Committee of the National Association of ‘ .
Mutual Insurance Companies (NAMIC). for instance, uses the
. IMPS in their inspection of solar ingtallation hazards to the home.

Copies of HUD Intermediate Minimum Property Standards Sup-

- plement: Solar Heating and Domestic Hot Water "Systems may -
be purchased for $12.00 ($15.00 foreign) by ordering Stock :
#023-000-81007-7 from:

Superintendent of Documvents . ' '
u.s. Government Printing Office ) ) J .
Washington, DC 20402

Anyone interested in reyiewing this document can do so at HUD
Regional and Area Offices. and Room 6170. HUD Headquarters,
451 7th-Street. SW, Washington, DC 20410.
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{ These guidelines were pre red—by“ﬂ'fehlat’/i’;;l' Solar Heating and

anDrr Cooling lnfonna,tion-Ceﬁ’te?which is operated by the Franklin Ré-

er under contract to the U.S. Department of Housing

. \\-apd Urban Development in cooperation with the U.S. Department

of Energy They are to be used with instructions supplied by the

‘@' ' manufacturer or supplier and do not supercede any code or. build-
ing regulations

N " n preparatlon of these guidelines. the authors drew.heavily upon
’ . work already done under contract to HUD and DOE by:

Colorado State University

. Dubin-Bloome Associates .
Northamerican Heating and Airconditioning

Wholesalers Association
) . . -" Polytechnic Institute of New Yok
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